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Abstract
This case study examines how secondary chemistry teachers in professional development
experiences made sense of the Science and Engineering Practices (SEPs) outlined in the
Framework and used in the Next Generation Science Standards and the Georgia Standards of
Excellence in Science. The study consisted of six participants, three males and three females, who
taught high school chemistry. The criteria binding the cases were (1) being a practicing chemistry
teacher and (2) participating in professional development about the Scientific and Engineering
Practices. The research is framed through a Constructivism lens using Sensemaking theory. Data
sources included original and revised lesson plans, PLC meeting transcripts, semi-structured
participant interviews, Views About Scientific Inquiry instrument scores, and a survey about
educational and teaching experience. The interpretations of the study were organized into the
following four themes. (1) Teachers in SEP specific PD were able to make sense of the SEPs and
plan for inquiry activities with students that incorporate SEPs. (2) A PLC alone, especially a newly
formed PLC, may not be enough PD to implement SEPs when other goals for the group exist or
are mandated. (3) Sensemaking is evident in lesson plans. (4) Understanding aspects of inquiry
may not be an indication of inquiry teaching practices. Participants indicated participating in
inquiry and experiential PD that allows for collaboration and time for planning and reflection
increases their sensemaking of the SEPs. Implications for further research and implications for
professional development design are provided.
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Chapter I: Introduction
Background
The purpose of this case study research was to investigate how professional development
and teachers’ views about inquiry influence the process of making sense of and implementing
science and engineering practices incorporated in new high school science standards.

Giving

students opportunities to experience science through inquiry has been a goal of science education
for decades, yet conflicting and ambiguous definitions of inquiry and its use in the classroom have
prevented many teachers from embracing the concept to a depth that fosters inquiry-rich lesson
plans (Hickman, 1984). Inquiry is a constructivist process (Minner, Levy, & Century, 2010), and
the term inquiry has been used to define a style of teaching, a style of learning, or a type of
classroom activity (Barrow, 2006). As the understanding of the idea of inquiry in the science
classroom has evolved, its practical application has become a process of teaching and learning that
allows students to mimic the work of practicing scientists by engaging in activities that provide
opportunities to ask questions, carry out investigations, and discuss their thinking and learning.
Reform movements spurred by agencies such as the National Science Foundation,
American Association for the Advancement of Science, and the National Research Council have
offered publications (American, 1994; Harms, 1977; National, 2000; Rutherford & Ahlgren, 1991)
in an effort to increase the use of inquiry in the classroom, yet the publications did not define
inquiry or its use to a level that made implementation consistent. A Framework for K-12 Science
Education (Framework) attempts to reform science education through standards that focus on a
three-dimensional approach to learning science.

Each standard includes content through

disciplinary core ideas (DCI), overarching connections through big ideas of crosscutting concepts
(CC), and inquiry strategies through the science and engineering practices (SEPs) (NRC, 2012).
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The Framework (NRC, 2012) is the foundation for the Next Generation Science Standards (NGSS)
(NGSS, 2017) and the Georgia Standards of Excellence in Science (GSE-Science) (Science GSE,
2017). The NGSS were developed by Lead State Partners, a group of representatives from Georgia
and twenty-five other states, who worked in conjunction with NGSS writers to make
recommendations about the standards and the process of adopting and implementing the standards
at the state level (Lead States, n.d.). Twenty states and the District of Colombia have fully adopted
the NGSS and twenty-four states, including Georgia, have adopted standards based on the NGSS
(NSTA, 2014) Georgia did not fully adopt the NGSS but used the Framework (NRC, 2012) to
develop the GSE-Science with a similar learning approach (Georgia, 2016b).
The SEPs are practices which embed inquiry into science content. The practices are (1)
asking questions and defining problems; (2) developing and using models; (3) planning and
carrying out investigations; (4) analyzing and interpreting data; (5) using mathematics and
computational thinking; (6) constructing explanations and designing solutions; (7) engaging in an
argument from evidence; and (8) obtaining, evaluating, and communicating information (NGSS,
2017). The SEPs offer teachers practical ways to incorporate inquiry in lesson planning by
outlining where content and practice mesh and showing how content can be supported through
inquiry practices. The NGSS, with the combination of content and practice, provide teachers with
a more defined model of inquiry in the classroom than previous reform publications. The GSEScience use SEPs to embed inquiry as well. Each GSE-Science standard begins with “obtain,
evaluate, and communicate information about” the standard (Science GSE, n.d.), and each substandard begins with one of the SEPs. The components of the Framework are evident in the GSEScience. Training materials and workshops provided by the state and Regional Educational
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Service Agencies (RESA) use the Framework and NGSS materials for professional development
rather than using training materials based only on GSE-Science.
Successful implementation of changes in standards requires professional development
(PD) for teachers. PD can take on many forms, with varying levels of effectiveness, but there are
common characteristics in all quality and impactful PD. PD that causes change in practice must
include a focus on the content, allow participants to actively engage in the learning process,
progress for an extended period of time, and be relationship based (Desimone, 2009). The
participants in the study were involved in either graduate level coursework specifically focused on
SEPs or in the PD model of school-based professional learning committees (PLC). PLCs are a
collaborative, inquiry-based PD with social constructivism roots (Crafton & Kaiser, 2011) and
when properly implemented have been shown to bring about profound improvements in student
achievement (Capraro,et al., 2016; Darling-Hammond, Hyler, & Gardner, 2017; Kelly &
Cherkowski, 2017).
Being able to implement inquiry activities in the classroom is important, but understanding
the attributes of scientific inquiry (SI) is also essential. The Views About Scientific Inquiry
(VASI) questionnaire is an instrument used to measure the level of SI understanding (Lederman,
et al., 2014). The VASI is an open-ended, pencil-paper questionnaire that allows researchers to
determine the participant’s level of SI understanding as informed, mixed, or naïve (Adisendjaja,
Rustaman, Redjeki, & Satori, 2017). To implement new inquiry-focused standards teachers will
need opportunities to make sense of the new standards by aligning them with their own views
about inquiry and pedagogical content knowledge (PCK).
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Rationale
Science education reform movements have been focused on the inclusion of inquiry into
the science classroom, and the Framework gives a more complete pathway for teachers to be able
to increase the amount of inquiry students experience. Implementing lessons with a focus on
learning content through SEPs provides teachers with guidelines for ways in which inquiry can be
introduced and practiced by their students. Creating and releasing new standards is no guarantee
that classroom teaching practices will change, though, and PD about the changed standards is
necessary to affect revisions in classroom practice. PD about chemistry education reform is
especially necessary because many teachers of chemistry are teaching out-of-field. A 2014 study
indicated that only 45% of high school chemistry students are taught by a teacher with a degree in
chemistry (Rushton, et al., 2014). There is a need for effective PD for teachers to be able to make
sense of the SEPs and to be equipped with the skills and PCK necessary to implement inquiry
through the SEPs. Therefore, it is vital to gain an understanding of how PD may influence a
teacher’s views of scientific inquiry to enable the teacher to adopt evidence-based reform practices
in the classroom.
The research used case study methods to investigate the experiences of professional
development of high school chemistry teachers as it relates to the implementation of the SEPs and
the teachers’ understandings of SI. Teachers in two types of PD, a graduate level SEPs course and
a school-based PLC were cases of the study. The cases were examined to determine how the
teachers made sense of the SEPs, their views about scientific inquiry, and the degree to which the
SEPs were implemented in their classes. The research questions for this study are listed as follows.
(1) How does professional development influence chemistry teachers’ sensemaking of the
Science and Engineering Practices?
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(2) How are chemistry teachers’ scores on the Views About Scientific Inquiry instrument
related to the degree to which SEPs are implemented?
(3) How does participation in professional development influence changes in chemistry
teachers’ lesson plan design to implement the Scientific and Engineering Practices?

The research questions will provide information to PD developers and chemistry teachers about
best practices in effective PD.
Successful implementation of the SEPs will require teachers to make sense about the new
standards and expectations for educators and students. Therefore, this study was guided by the
theoretical frameworks of constructivism and sensemaking theory. Constructivism describes
processes of knowledge acquisition based in Piaget’s theories (Piaget, 1968; Bodner, 1986) where
the learner constructs knowledge acquired through experiences. Sensemaking theory is also an
appropriate theoretical framework to explore the process of how teachers learn about and use new
standards. Sensemaking provides teachers with opportunities to co-construct understandings
about instructional policy through formal interactions such as university courses and PLCs and
informal interactions such as hallway and lunchroom conversations and gives insight into “our
understanding of the relationship between instructional policy and classroom practice” (Coburn,
2001, p. 146). Sensemaking is a sociological theory that, when applied in an educational setting,
focuses on a three-part cognitive process of understanding new standard expectations; teachers’
understandings are shaped by their prior knowledge, their social interactions with peer groups, and
their connections with the standards. (Coburn, 2005).
The research design was a case study investigation that sought to generate an explanation
of how teachers participating in PD made sense of the SEPs in light of their views about scientific
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inquiry. The participants were practicing teachers participating either in a graduate-level PD
course or an ongoing PLC at the participant’s school. Participants completed a demographic
survey and the Views About Scientific Inquiry (VASI) instrument at the beginning of the study.
Lesson plan revision artifacts were collected from the four participants who enrolled in the
university course.

PLC meetings for the two high school PLC participants were audio recorded,

and lesson plan reflection artifacts were collected for three lessons. The six participants were
interviewed at the conclusion of the study.
Inquiry in science education has been a goal in many educational reform initiatives, and
the most recent initiative, the Framework, gives teachers a structure of inquiry implementation
through the SEPs. PD is needed to insure that teachers adequately understand not only the
implementation process of the new policy but to also develop their PCK to incorporate the use of
the scientific inquiry process in their classroom practices. The impact of PD on the sensemaking
of teachers’ understanding about and ability to implement new policy was investigated. The VASI
instrument was used to help identify teachers’ understanding of inquiry, and a link between the
teachers’ understandings of inquiry and the degree to which inquiry practices are implemented in
lesson plans was explored.
Professional development of teachers, especially in light of reformed standards is
necessary, but careful attention to the type and structure of the experiences must be paid. The
Framework and NGSS were developed in part to reduce the “mile wide and inch deep” traditional
K-12 science curriculum (Fulmer, Tanas, & Weiss, 2018; Furtak & Penuel, 2019), and the reform
offers many benefits to science education. The practices and processes of science are no longer
separated from content but rather integrated in the three-dimensional design (Furtak & Penuel,
2019). The Framework and NGSS include engineering practices giving students opportunities to
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further develop their understanding through the problem solving and build on their prior
knowledge and experiences in a more relevant way than previous science education reform
allowed (Furtak & Penuel, 2019). The reform is not without shortcomings, however. Developing
lessons that are driven by phenomena is a difficult process, and including engineering practices
may be challenging for science teachers because teachers have little or no experience through
previous content or teacher licensure programs (Furtak & Penuel, 2019). The alignment of the
NGSS in terms of curriculum, assessment, and pedagogy is a demanding endeavor (Fulmer, Tanas,
& Weiss, 2018). NOS is present in the NGSS but somewhat ambiguously implied (Lederman &
Lederman, 2016). Designing, implementing, and assessing three-dimensional science lessons is
challenging, and student engagement in three-dimensional learning is uncommon (Anderson, et
al., 2018). The Framework and NGSS involve the exploration and analysis of data by students, but
the documents do not specifically define what is considered desirable data (Duncan, Chinn, &
Barzilai, 2018). Rather than adopting the NGSS as a whole, many states adopted modified versions
of the Framework recommendations. Many research studies have been conducted since the
publication of the Framework on the implementation of the NGSS (Allen & Penuel, 2015;
Anderson, et al., 2018; Boesdorfer, 2017; Friedrichsen & Barnett, 2018; Ghosh, Krishnan,
Rajguru, & Kapila, 2019; Krajcik, et al., 2014; Nagle & Pecore, 2017). While each study has a
unique focus, the overarching theme of all is related to the full implementation of the NGSS. The
three dimensional learning (Boesdorfer, 2017; Krajcik, et al., 2014; Nagle & Pecore, 2017), the
work of a PLC (Friedrichsen & Barnett, 2018), the merging of NGSS into a 5-E model (Ghosh, et
al., 2019), the inclusion of engineering aspects (Boesdorfer, 2017), and the sensemaking and
implementation of NGSS (Allen & Penuel, 2015) were designed as NGSS studies. The NGSS
were not adopted by all 50 states, though.

The study described explored specifically the
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implementation of the SEPs in a chemistry classroom rather than the full implementation of the
NGSS since the teachers involved in the study work in a state adopting a modified NGSS set of
standards.

The overall results of the study may be used, then, to affirm the qualities of PD

necessary for change and implementation of new standards and as a guide for those states that
adopted state written standards based on the Framework.
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Chapter II: Literature Review
Education is not the “transfer of knowledge, but … the ability to assess, select,
organize, apply, and transmit it” (Dagys, 2017, p. 84). The goal of education, then is more
than gaining content knowledge; education is also a sophisticated way of accessing and
using the obtained knowledge. Science education, when done well, allows teachers to
impart in their students not only content knowledge but a way of thinking, reasoning, and
decision making. Science education is necessary for providing students with opportunities
to practice reading, writing, mathematics, and reasoning skills (Amaral, Garrison, &
Klentschy, 2002, p. 214). The process of students gaining knowledge involves making
observations then making sense of the observations (Rutherford & Ahlgren, 1990). These
observational skills are the underlying goals of inquiry and the Science and Engineering
Practices (SEPs) of the Next Generation Science Standards (NGSS) and the Georgia
Standards of Excellence in Science (GSE-Science). The goal of science education is to
develop scientific literacy in students, and scientific literacy includes an understanding of
scientific inquiry (Bell, Crawford, & Lederman, 2003). The SEPs provide a structure for
teachers to assist in the incorporation of inquiry, but before successful implementation of
the new standards and SEPs can occur teachers must make sense of the standards and
explore their own understandings of scientific inquiry to develop their PCK.
The purpose of this case study research was to investigate teachers’ process of
making sense of new science standards, the effect professional development has on
teachers’ inclusion of inquiry practices into their lesson design, and the influence of
teachers’ views about scientific inquiry on the sensemaking and professional development
process. The GSE-Science, the most recent science standards which are based on the
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Framework, include SEPs embedded in each standards. The SEPs define the ways the
inquiry process can be included into content rich teaching practices to increase scientific
literacy of students. Successful implementation of new standards will require teachers to
participate in professional development (PD) experiences. Many types of PD focusing on
the implementation of the GSE-Science and SEPs are available to teachers, including PD
provided by local, regional, and state agencies. The state developed PD experiences,
redelivered through local and regional agencies use NGSS and SEPs materials and focus
on the three-dimensional nature of the NGSS and the Framework. NGSS materials are
used for teacher training in Georgia even though the state designed the GSE-Science based
on the Framework document but did not fully adopt the NGSS. Ongoing, job-embedded
PD and graduate coursework for participants in the study attempted to help teachers make
sense of the standards and practices so that planning for and implementing inquiry-rich
activities for students could occur. Inquiry is an important component of science literacy,
and the Framework and GSE-Science imbed inquiry practices through the use of the SEPs.
Teachers have their own views about scientific inquiry, and those views were identified
and explored using a research-based Views About Scientific Inquiry (VASI) instrument
(Lederman, et al., 2014). Links between sensemaking about inquiry, planning for inquiry,
and views about inquiry were analyzed.
The goal of this chapter is to summarize important research about inquiry, current
state and national standards including the SEPs, and PD available to teachers. The chapter
is divided into four parts. Part I will highlight inquiry, its purpose in the science classroom,
and the evolution of inquiry in national reform movements.

Part II will outline

characteristics of the Framework, NGSS, and GSE-Science particularly the SEPs and the
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relationship between inquiry and the practices. Part III will explore common available
models of PD and the relationship of inquiry in them. Part IV will describe the theoretical
underpinnings of the study.
Part I: Inquiry
Multiple definitions and explanations for inquiry exist, and the lack of common
understanding about inquiry in the classroom causes a lack of unity among science educators.
Inquiry may be viewed as a teaching strategy, a set of student processing skills, a manipulation of
materials, a motivational tool, or a way to allow students hands-on/minds-on classroom
experiences (Barrow, 2006). The confusion about inquiry is due to the application of the term to
three different types of activities: “what scientists do…how students learn…and a pedagogical
approach that teachers employ” (Minner, Levy, & Century, 2010, p. 476). What scientists do, or
scientific inquiry is the process of conducting scientific research. How students learn, or inquiry
learning is the active and engaging learning process allowing students to construct and discover
knowledge. Inquiry teaching includes the pedagogical approach to designing activities and
learning experiences which allow students to develop scientific literacy and understanding
(Anderson, 2002; Minner, Levy, & Century, 2010 ). Unfortunately for teachers the term inquiry
is used for all those activities, and it is up to the teacher to make distinctions about how the term
is being applied.
Inquiry is a constructivist approach to teaching and learning with a foundation in the
theories of Piaget and Vygotsky (Minner, et al., 2010). Constructivism, at its most basic
component, is a description of teaching and how aspects of teaching, such as classroom practices,
the role of the teacher, and the role of the student in a classroom should look (Bodner, Klobuchar,
& Geelan, 2001; Bohlscheid & Davis, 2012; Dagys, 2017; Matthews, 1993). Constructivism in
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the classroom redefines the role of the teacher to a facilitator of learning experiences by
questioning students about their thinking and giving students opportunities to explain and reflect
upon their thinking (Bodner, et al., 2001). While the term inquiry is used to define the process of
doing science, learning science, and teaching science, the operational definition of inquiry
throughout this dissertation will be the process of teaching students to learn science through the
doing of science by the pedagogical choices teachers make to guide instructional practices in the
classroom.
Piaget and Other Constructivists
Inquiry ideas are supported by the cognitive development and personal constructivism
theories of Piaget. Piagetian theory explains classroom learning situations which cause students
to make changes in their conceptual understandings (Piaget, 1964).

Piaget’s theories are

epistemological in nature; his focus was on how students develop thought processes and the
influence of developmental stages such as concrete operational and formal operational on the
construction of knowledge in students (Piaget, 1964). Piaget proposed that students assimilate
knowledge by building on previously developed schemes or mental structure; students make
accommodations for new knowledge that is in conflict with expected outcomes (Bodner, 1986;
Piaget, 1964). Inquiry ideas are also evident in Dewey’s theories of experiential learning;
experiential learning opportunities allow students to engage in science and apply scientific
principles in the social setting of the classroom (Hickman, 1984). Dewey proposed that teachers
use a six-step scientific method model as a way to involve students in the inquiry process where
teachers functioned as a facilitator to the learning and students developed their own hypotheses,
tested their hypotheses, and constructed their personal knowledge about science (Barrow, 2006).
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Vygotsky’s constructivist approach involved social interactions and the impact of the
interactions in the construction of knowledge.

Vygotsky proposed the idea of social

constructivism which considers learning to be a process that occurs in a social setting; students
develop knowledge through the social interactions in the classroom (Jones, 2008). The social and
cooperative learning aspects of inquiry stem from Vygotsky’s social constructivism ideas (De
Jong, et al., 2011). A summary of the constructivists’ theories is shown in Table 1.

Table 1
Constructivists
Constructivist
Piaget

Theory of Inquiry
Cognitive development

Theory to practice in the classroom
Students construct or assimilate knowledge through
schemes; developmental stages such as concrete
operational and formal operational influence student
learning.

Dewey

Experiential Learning

Teachers facilitate inquiry learning focused on the
scientific method

Vygotsky

Social Constructivism

Learning is a social endeavor; knowledge is
constructed in cooperative, social settings

Part II: National Reform Movements
While local, state, and national reform efforts of science education have been spurred by
many and varied causes, two in particular, the launch of Sputnik in 1957 and the publication of A
Nation at Risk in 1983 (Gardner, 1983), focused attention on science education and initiated
changes in instruction. In response to the launch of Sputnik, the National Science Foundation
(NSF) funded curricula in physics, chemistry, biology and other science courses which included
accompanying professional development opportunities (Barrow, 2006). These new curricula
focused on the content and the skills necessary for students to participate in science processing
activities (Barrow, 2006). A Nation at Risk, a Reagan era report about the state of American
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education, caused renewed interest in education reform not seen since the post-Sputnik reform
efforts (Brady, 2008; Gardner, 1983). The report caused a national focus on the country’s position
in the global economy and continued debate about the need for federal involvement in standardsbased education (Johanningmeier, 2010). Sputnik and A Nation at Risk provided focus on the need
for educational reform. A summary of national reform is included in Table 2.
Interested groups such as the National Science Foundation (NSF), The American
Association for the Advance of Science (AAAS), and the National Research Council (NRC) have
produced publications that call for improvements in science education including student learning
of science through inquiry. NSF’s Project Synthesis (Harms, 1977), AAAS’s Project
2061(American Association for the Advancement of Science [AAAS], 1994; AAAS, 2003;
Rutherford & Ahlgren, 1991), and NRC’s National Science Education Standards (Standards)
(National Research Council [NRC], 1996), A Framework for K-12 Science Education
(Framework) (NRC, 2012), and Next Generation Science Standards (NGSS, 2017) show the
progression in the understanding of inquiry teaching and how the inquiry process should be applied
in the classroom (Bodzin & Beerer, 2003). Project Synthesis (Harms, 1977) combined three NSF
projects which included a literature review, a case study, and a national survey; inquiry as a
component of academic preparation was studied as both a content and teaching strategy (Barrow,
2006). AAAS’s Project 2061 is based on beliefs about the importance of science, mathematics,
and technology education and was a reform effort for science and all aspects of K-12 education
(AAAS, 1994; AAAS, 2003; Rutherford & Ahlgren, 1991). AAAS proposed K-12 science
education reform through multiple publications including Science for All Americans (Rutherford
& Ahlgren, 1991), Benchmarks for Scientific Literacy (AAAS, 1994), and the Atlas for Scientific
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Literacy (AAAS, 2003); in all the publications inquiry and cooperative learning are emphasized
rather than memorization of facts (Barrow, 2006; Rutherford & Ahlgren, 1990).

Table 2
National Reforms
Year
1977

Project
Project Synthesis

Developer
National Science
Foundation (NSF)

Summary
Inquiry as content and a teaching strategy

1985

Project 2061

American
Association for the
Advancement of
Science (AAAS)

Publications
Science for All Americans, 1989
Benchmarks for Science Literacy, 1993
Atlas for Science Literacy, 2001
Emphasis on cooperative learning and inquiry
teaching

1996

National Science
Education Standards

National Research
Council (NRC)

Includes standards for teaching, professional
development, assessment, content.
Inquiry is not formally defined but features of
inquiry are present

2000

Inquiry and the
National Science
Education Standards

NRC

Describes the use of inquiry in the classroom

2011

A Framework for K12 Science
Education

NRC

Focuses on the Nature of Science and the
practice of science.

2013

Next Generation
Science Standards
(NGSS)

NRC and NGSS
Lead States

Three dimensional learning process of cross
cutting concepts, curricular core ideas, and
scientific and engineering practices (SEPs)

Age appropriate progression through guided
inquiry to full inquiry experiences are
described

Structured so that students’ learning
progression of science content, scientific
inquiry skill, and abilities occur through grade
bands
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The NRC’s National Science Education Standards, or Standards, focus on the process of
doing science where inquiry is a component; standards for teaching, professional development,
assessment, content, and programs are components of the reform proposed in the Standards (NRC,
1996). Rather than providing a formal definition of inquiry, the Standards give guidelines for
content, teaching strategies, and assessment practices (Barrow, 2006). Standards promote inquiry
and instructional strategies focusing on inquiry experiences as a way to improve science literacy
in students (Bodzin & Beerer, 2003). The content of the Standards is focused on conceptual
knowledge gained through integrated laboratory practices that are meshed with other classroom
activities which provide experiences structured around the way students learn and construct their
knowledge (Bybee & Van Scotter, 2007). The Standards promote student-centered learning
experiences where the process and nature of science are emphasized over fact and vocabulary
memorization (Bodzin & Beerer, 2003). These reform movements promote the equal importance
of the content and practices of science in terms of learning goals (Hmelo-Silver, Duncan, & Chinn,
2007). Inquiry features such as asking questions, developing and evaluating explanations, and
communicating explanations are important features of the Standards (Bodzin & Beerer, 2003),
and those features are part of the SEPs (NRC, 2012).
The NRC continued to promote and define inquiry in the classroom. A later publication,
Inquiry and the National Science Education Standards further describes how inquiry can be used
in the classroom and the inquiry processes in which students of all ages should engage; skills such
as questioning, observing and citing evidence, constructing, evaluating, and communicating
answers are practiced in guided inquiry activities to help students move to a self-directed, full
inquiry experience (Bybee, 2011). The NRC’s 2011 report, A Framework for K-12 Science
Education (Framework) is the foundation for the NGSS. The Framework focuses on science as a
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practice and incorporates the nature of science in ways that allow teachers to integrate the practices
with content (Osborne, 2014). The components of the Framework (2011) are further defined and
outlined in the NGSS. AAAS and NRC initiatives are the foundation for the NRC’s Framework
(NRC, 2012).
The NGSS structures learning goals in a three-dimensional organization including core
ideas, science and engineering practices, and cross-cutting concepts; the standards are structured
so that learning progression of science content and scientific inquiry skills and abilities occur as
students progress through each grade-band (Bybee, 2014; Krajcik, Codere, Dahsah, Bayer, & Mun,
2014). Science education reform movements over time continued to modify standards and
recommendations to define inquiry so that teachers could make sense of inquiry and how to engage
students in it. The development of the NGSS occurred through a partnership involving twenty-six
lead states. Since the publication of the NGSS, twenty states and the District of Colombia have
adopted the NGSS and twenty-four states have adopted standards based on the NGSS (Lead State,
n.d.; NSTA, 2014). A summary of the Lead States and NGSS adoption status is presented in Table
3.
Inquiry in Current Standards
Based on the NRC’s Framework, the NGSS are designed so that students construct and
revise their understanding as the content and practices progress through grade-bands; the purpose
of connecting content, core ideas, and practices is to better define the process of inquiry for
students by identifying the performance expectation of each standard and mimicking the work of
the scientific community (NRC, 2012). Giving students opportunities to experience inquiry
learning through the incorporation of the SEPs is an important component of the NGSS (Bybee,
2014). The Framework calls for the use of practices as a way to identify the inquiry processes
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Table 3
NGSS and States

NGSS Lead States
States adopting NGSS
Arizona
Arkansas
Arkansas
California
California
Connecticut
Delaware
Delaware
Georgia
Hawaii
Illinois
Illinois
Iowa
Iowa
Kansas
Kansas
Kentucky
Kentucky
Maine
Maine
Maryland
Maryland
Massachusetts
Michigan
Michigan
Nevada
Minnesota
New Hampshire
Montana
New Jersey
New Jersey
New Mexico
New York
Oregon
North Carolina
Rhode Island
Ohio
Vermont
Oregon
Washington
Rhode Island
District of Columbia
South Dakota
Tennessee
Vermont
Washington
West Virginia
Lead State, n.d.; NSTA, 2014

States adopting
modified NGSS
Alabama
Alaska
Arizona
Colorado
Georgia
Idaho
Indiana
Louisiana
Massachusetts
Minnesota
Mississippi
Missouri
Montana
Nebraska
New York
North Dakota
Oklahoma
South Carolina
South Dakota
Tennessee
Utah
West Virginia
Wisconsin
Wyoming

States using other
standards
Florida
North Carolina
Ohio
Pennsylvania
Texas
Virginia

through which students should experience science; the Framework is intended to allow students to
participate in the social, cognitive, and physical inquiry practices rather than learning about the
practices (NRC, 2012). SEPs are, according to Bybee (2014),
…knowledge outcomes and cognitive abilities for students. They should, for example,
know that scientists ask questions about nature, use models, and require evidence as the
basis for explanations. In addition, students should develop the cognitive abilities to
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formulate models, apply mathematics, construct arguments based on evidence, and
communicate the results of investigations (p. 220).

NGSS and SEPs give performance expectations for students by using explicit wording in
the design of the standards (Veal & Sneed, 2014). According to Krajcik, et al., (2014)
the science and engineering practices build on what we know about inquiry to focus on
students asking questions or defining problems, investigating and analyzing data,
constructing models, and arguing based on evidence to build and refine explanations to
understand the world (p. 158).

The SEPs support the social constructivist ideas of collaboration, developing knowledge and ideas
through social interactions, and functioning through norms; the Framework also supports the
connection between content knowledge and scientific practices (NRC, 2012). The components of
the SEPs are inquiry strategies (Hoffenberg & Saxton, 2015; Hunter, 2014), and the SEPs provide
opportunities for students to engage in inquiry; teachers must provide support, scaffolding, and
differentiation to allow students to progress and improve in their inquiry skills (Whitworth, Maeng,
& Bell, 2013). Content and practices must be integrated in the inquiry process to ensure students
develop science proficiency, and the NGSS define how students should engage in inquiry using
the SEPs in acquiring content knowledge (Krajcik, et al., 2014).
The GSE-Science are the most recent version of content standards for Georgia K-12
schools (Science, 2017) and are based on the recommendations of the Framework. While Georgia
standards are not a full adoption of the NGSS, the components of the NGSS are evident as the
foundation for the GSE-Science. The previous Georgia science standards, Georgia Performance
Standards in Science (GPS-science) separated standards into co-requisites of Characteristics of
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Science and Content. Characteristics of Science included Habits of Mind and Nature of Science
standards (Georgia, 2006), and the separation of practice from content caused teaching, learning,
and assessment practices about content and inquiry to also be separated. GSE-Science standards
embed inquiry practices with the content strand so that teaching, learning, and assessment
strategies incorporate the learning of science with the practice of doing science through inquiry
(Georgia, 2016b). Table 4 shows a comparison of GPS-Science to GSE-Science.
Table 4
Comparison of GPS-Science to GSE-Science
GPS-Science
Co-Requisite Habits of Mind SCSh3.
Students will identify and investigate
problems scientifically.

GSE-Science
SC2. Obtain, evaluate, and communicate
information about the chemical and physical
properties of matter resulting from the ability
of atoms to form bonds.

Co-Requisite Nature of Science SCHSh8.
Students will understand important features of a. Plan and carry out an investigation to
the process of scientific inquiry.
gather evidence to compare the physical and
chemical properties at the macroscopic scale
Co-Requisite Content SC3.
to infer the strength of intermolecular and
Students will use the modern atomic theory to intramolecular forces.
explain the characteristics of atoms.
e. Compare and contrast types of chemical
bonds (i.e. ionic, covalent).
Georgia, 2006; Georgia, 2016b
The Georgia Department of Education published a Crosswalk (Georgia, 2016a) to compare
the standards from the GPS-Science to the GSE-Science. The Crosswalk (Georgia, 2016a) is used
to compare GPS-Science standards to the updated GSE-Science standards.
Table 5 displays a brief excerpt from the Crosswalk (Georgia, 2016a). In addition to
combining content and inquiry practices, the change from GPS-Science to GSE-Science
reorganized, realigned, and refined content into a more streamlined, natural progression. GPS-
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science sub-standards were organized into overarching big ideas of the GSE-Science. Some GPSScience sub-standards were eliminated
Table 5
Excerpt from Crosswalk-Science including GPS-Science and GSE-Science
GPS-Science
SC1: Students will analyze the nature of
matter and its classifications.
a. Relate the role of nuclear fusion in
producing essentially all elements
heavier than helium.
SC3. Students will use the modern
atomic theory to explain the
characteristics of atoms.
a. Discriminate between the relative
size, charge, and position of
protons, neutrons, and electrons in
the atom
b. Use the orbital configuration of
neutral atoms to explain its effect on
the atom’s chemical properties.
c. Explain the relationship of the
proton number to the element’s
identity.
d. Explain the relationship of isotopes
to the relative abundance of atoms
of a particular element.
e. Compare and contrast types of
chemical bonds (i.e. ionic, covalent)
f. Relate light emission and the
movement of electrons to element
identification
SC4: Students will use the organization
of the Periodic Table to predict properties
of elements.
a. Use the Periodic Table to predict
periodic trends including atomic
radii, ionic radii, ionization energy,
and electronegativity of various
elements.
b. Compare and contrast trends in the
chemical and physical properties of

GSE-Science
SC1: Obtain, evaluate, and communicate
information about the use of the modern atomic
theory and periodic law to explain the
characteristics of atoms and elements.
a. Evaluate merits and limitations of different
models of the atom in relation to relative
size, charge, and position of the proton,
neutron, and electron in the atom
b. Construct an argument to support the claim
that the proton (and not the neutron or
electron) defines the element’s identity.
c. Construct an explanation based on scientific
evidence of the production of elements
heavier than hydrogen by nuclear fusion
d. Construct an explanation that relates the
relative abundance of isotopes of a particular
element to the atomic mass of the element
e. Construct an explanation of light emission
and the movement of electrons to identify
elements
f. Use the periodic table as a model to predict
the relative properties of elements based on
the patterns of electrons in the outermost
energy level of atoms (i.e. including atomic
radii, ionization energy, and
electronegativity).
g. Develop and use models, including electron
configuration of atoms and ions, to predict an
element’s chemical properties.
SC2. Obtain, evaluate, and communicate
information about the chemical and physical
properties of matter resulting from the ability of
atoms to form bonds.
a. Plan and carry out an investigation to gather
evidence to compare the physical and
chemical properties at the macroscopic scale
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elements and their placement on the
to infer the strength of intermolecular and
Periodic Table.
intramolecular forces.
Georgia, 2006; Georgia, 2016a; Georgia, 2016b

completely while others were revised to incorporate inquiry components and reorganized into a
more logical sequence
Arguments For and Against Inquiry
Inquiry in science education has been shown to support learning, but the incorporation of
inquiry into practice is not without controversy. Research about the use of inquiry has shown to
be successful with many groups of students, and many arguments for inquiry cite studies where
student achievement has improved with the use of inquiry practices. Incorporating inquiry into
the regular culture and climate of the classroom becomes challenging due to the ambiguity of the
inquiry term and the lack of resources for teacher use. Error! Not a valid bookmark selfreference. is a summary of arguments for and against inquiry.

Table 6
Arguments For and against inquiry
Arguments For Inquiry
Improves performance on high stakes
tests

Arguments Against Inquiry
Lack of understanding of inquiry among
stakeholders

Successful with disadvantaged
students

Prior to NGSS few inquiry tools were
available to teachers

Improves content knowledge

Inquiry is ambiguously defined

Engaging

Inquiry application tools for teachers are
ambiguous

Successful with minority students
Increases understanding of science

Expecting content novices to do science like a
content expert
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Mimics the work of practicing
scientists

Much scaffolding is needed

Arguments for inquiry instruction focus on the impact the practice has on students and their growth
in science knowledge, understanding, skill, and achievement. When compared to students learning
through non-inquiry coursework, all groups of students who participate in inquiry-rich science
coursework have greater performance (Hmelo-Silver, et al., 2007).

Studies about inquiry

instruction with African American students, English Language Learners, and disadvantaged
students have shown improved engagement and achievement (Amaral, et al., 2002; Hoffenberg &
Saxton, 2015; Lynch, Kuipers, Pyke, & Szesze, 2005). Research shows that inquiry teaching
causes increases in student understanding of science (Anderson, 2002), improvement in science
process skills (Gormally, Brickman, Hallar, & Armstrong, 2009), the use of higher-order thinking
skills (Hoffenberg & Saxton, 2015), and development of collaboration, self-directed learning, and
other soft skills (Hmelo-Silver, et al., 2007). Students are more likely to remain interested in
pursuing science careers when inquiry teaching practices are employed (Gibson & Chase, 2002).
Inquiry gives students opportunities to “understand a ‘big idea’ in science” (Amaral, et al., 2002,
p. 220). Teachers who properly implement inquiry facilitate the process by providing students
with guided opportunities to learn science content, reasoning skills, problem solving skills, and
participate in authentic investigations (Hmelo-Silver, et al., 2007). A science curriculum with a
focus on inquiry which is well supported with professional development experiences for teachers
and includes appropriate technology has been shown to increase achievement on high-stakes
testing, and the longer students experience the well supported inquiry instruction the greater their
achievement scores are (Geier, et al., 2008).
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While many view inquiry instructional practices as a promising method to promote aspects
of science education others are still skeptical about the true impact of inquiry. In a research
synthesis of studies published between 1984 and 2002, Minner, et al. (2010) found that instruction
focusing on inquiry was not exceptionally positive, citing that only a portion of inquiry actually
produced the intended improvements. There is a lack of understanding among stakeholders about
the process of science, and many stakeholders including parents and policy-makers value specific
knowledge of facts over the process of scientific inquiry (Anderson, 2002). Prior to the NGSS,
publications like the Standards promoted the idea of inquiry but did not provide teachers with tools
and strategies to implement inquiry into their teaching practices leaving the definition of the
process of inquiry up for debate (Bodzin & Beerer, 2003). The field of science education has not
reached a concrete understanding of the meaning of inquiry causing a wide range of interpretations
about applying inquiry in the classroom by teachers and researchers (Barrow, 2006). The
inconsistency and confusion about the true definition of inquiry, how it is expressed in the K-12
classroom, the presentation of inquiry in teacher education programs, and the need for a consistent
and working definition of inquiry in the classroom are barriers to the use of inquiry (Barrow, 2006;
Osborne, 2014). Preservice and practicing teachers need to reach a consensus about inquiry
(Barrow, 2006), and the SEPs of the NGSS are making improvements by defining inquiry practices
and providing guidance about the use of the practices (Osborne, 2014).
Many who are doubtful of inquiry’s impact on student achievement view the use as a
minimally guided instructional practice which has been shown in several studies as less than
promising. Sceptics of inquiry cite issues such as shifting the focus of learning from content to
processes, expecting content novices to engage in the learning and practices the way in which a
content expert would, and the extremely high cognitive load required for novice learners to
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perform learning tasks in a purely constructivist learning model (Kirschner, Sweller, & Clark,
2006). Discovery learning may give students too much leeway in the learning process causing
them to miss the point of the content intended to be learned (Mayer, 2004), and the strategies
require considerable scaffolding for novice learners to correctly learn the content and participate
in the inquiry experience (Kirschner, et al., 2006).
Views about Scientific Inquiry
Reform movements in science education have made efforts to increase students’ scientific
literacy by incorporating nature of science (NOS) and scientific inquiry (SI) concepts with content.
“NOS refers to the epistemology and sociology of science, science as a way of knowing, or the
values and beliefs inherent to scientific knowledge and its development” (Lederman, Abd-ElKhalick, Bell, & Schwartz, 2002, p. 498). SI “refers to the combination of general science process
skills with traditional science content, creativity, and critical thinking to develop scientific
knowledge” (Lederman, et al., 2014, p. 65). NOS is not the process of doing science such as the
collection and interpretation of data and the conclusions that are derived from the data (Lederman,
et al., 2002); it is SI that describes “how scientists do their work” (Lederman, Lederman, Bartos,
Bartels, Meyer, & Schwartz, 2014, p. 66). Inquiry and NOS, while often used interchangeably,
are related yet different; NOS encompasses the qualities that make science unique from other
disciplines and inquiry involves the process practitioners undergo and how the knowledge obtained
through investigations is produced (Lederman, et al., 2014). Historically, while reform movements
in science education have called for its inclusion, NOS instruction has not been prominent in the
secondary science classroom (Clough, 2006), and teachers as well as their students have not gained
a NOS understanding outlined by the intended reform (Lederman, et al., 2002). Researchers and
science educators have attempted to assess students’ NOS understanding, and over the past three
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decades, more than 20 assessments have been used to identify students’ NOS, and many of the
assessments are biased towards the developers’ own NOS views. Most of those NOS assessments
are designed as forced-answer instruments with the goal of assessing many students and assigning
a level of NOS understanding (Lederman, et al., 2002). While multiple NOS assessments have
been designed and implemented throughout science education reform, the Views of the Nature of
Science (VNOS) instrument is a more recently developed NOS assessment. The VNOS is an openended questionnaire with the intended use of informing instruction based on students’ NOS
(Lederman, et al., 2002),
Vague and conflicting definitions of inquiry through the evolution of science reform have
made the application of practice in the classroom difficult. Research that evaluates participants’
understanding about inquiry is less prominent than research about the process of doing inquiry or
research about the NOS (Lederman, et al., 2014). Understanding the process of inquiry is
necessary to promote scientific literacy and to successfully incorporate the SEPs into the culture
of the classroom. SI is not consistently practiced in the classroom because often “neither teacher
nor students typically hold informed views of SI” (Lederman, et al., 2014, p. 66). Views About
Scientific Inquiry (VASI) instrument is a more recently published questionnaire used to measure
understandings about inquiry (Lederman, et al., 2014). VASI, developed by Lederman, Lederman,
Bartos, Bartels, Meyer, and Schwartz (2014, p. 68), measures eight aspects of SI (1) scientific
investigations all begin with a question but do not necessarily test a hypothesis; (2) there is no
single set and sequence of steps followed in all scientific investigations; (3) inquiry procedures are
guided by the question asked; (4) all scientists performing the same procedures may not get the
same conclusions; (5) inquiry procedures can influence the conclusions; (6) research conclusions
must be consistent with the data collected; (7) scientific data are not the same as scientific
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evidence; and (8) explanations are developed from a combination of collected data and what is
already known. Responses are coded and participants’ understandings are ranked as informed,
transitional, or naïve. Teachers may have an informed view of SI yet fail to design experiences
and assess the inquiry process due to the careful planning required to successfully implement
practices; the result is that teachers rely more heavily on content rather than practice (Bartos &
Lederman, 2014). Due to the focus of this study on the inquiry practices involved in the SEPs, the
VASI instrument was chosen over VNOS instrument.
Part III: Professional Development
Reform in science education must address preservice and practicing teachers’
understanding of inquiry. Inquiry may not be as prevalent in instructional practices due to
standards which focus on facts and knowledge rather than practice, the ease of evaluating students
using assessments of facts rather than practice, and the availability of fact-based teaching materials
(Eltinge & Roberts, 1993). Teachers at the K-12 and higher education levels need time to develop
an understanding of inquiry and how the use of inquiry functions in standards-based teaching
(Anderson, 2002; Barrow, 2006). Teacher preparation in terms of skills, content knowledge, and
teaching strategies influences the teaching of science through inquiry; time for lesson design as
well as reflection on practices is necessary for successful inquiry experiences in the classroom
(Bodzin & Beerer, 2003). Professional development for the use of inquiry must address the content
and pedagogical understandings of teachers (Amaral, et al., 2002). Teacher education programs
and professional development should allow for participants to experience inquiry in the manner
their students will be using it; teacher training in inquiry should use cooperative, open-ended, longterm experiences which avoid confirmation activities (Barrow, 2006) to support the use of the
same type of activities in the teachers’ classrooms. Professional development should also allow
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for the development of pedagogical content knowledge (PCK). PCK is a teacher’s expertise of
“how particular subject matter topics, problems, and issues can be organized, represented, adapted,
and presented to learners” (Bailie, 2017, p. 632), and PCK is acquired from many sources including
but not limited to prior experiences as a learner, observing veteran teachers, and practice (Kind &
Chan, 2019). PCK has been shown to play a tremendous role in a teacher’s classroom practices
and is an important component of teacher development, yet few science methods courses
adequately incorporate PCK components for preservice teachers (Bailie, 2017). Well-developed
PCK allows effective teachers to be flexible make rapid changes in the classroom based on student
interactions and formative assessments (Kind & Chan, 2019).
Need for PD
Many factors influence student achievement, but perhaps the most important factor in
student success is the quality of the teacher in the classroom. Well qualified teachers who are
knowledgeable about the content they teach and the pedagogy appropriate for that content are the
best indicators for student achievement and success (McRobbie, 2000). Learning and growth of
teachers is a necessary component of an effective school and school improvement (Anfara, Caskey,
& Carpenter, 2012). Teaching, like other professions, requires a commitment to growth and
continued learning through professional development (PD) opportunities.

PD is the most

important tool for student success yet is often the most poorly implemented component in schools
(Archibald, Coggshall, Croft, & Goe, 2011). While few would deny the need for teachers to
continue to learn and grow through PD, the best methods and types of PD are often not the type of
experiences teachers have access to (Grossman & Hirsch, 2009). Many teachers believe that the
PD they are required to complete has little impact in improving classroom practices (Grossman &
Hirsch, 2009). PD, while not the most important factor in teacher retention, can influence science
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teachers to remain in the profession and increase confidence (Coldwell, 2017). Once a teacher
successfully completes a preparation program and becomes certified, the continued growth of the
teacher’s content knowledge and pedagogy become the responsibility not only of the teacher
personally but also of the school and school system where the teacher is employed. PD is the
process by which teachers stay current in the field, learn and implement best practices, and
continue to improve so that student achievement increases (Mizell, 2010).
Any change in state and national standards causes a need for PD for teachers, and the
implementation of the GSE-Science and NGSS is no different. Current teaching practices will
need revisions and teachers will need support to incorporate the three components of the NGSS:
SEPs, disciplinary core ideas (DCI), and crosscutting concepts (CC) (Hoffenberg & Saxton, 2015;
NRC, 2012; Reiser, et al., 2017). Many science teachers may have only experienced learning
content through textbooks, and PD must provide teachers with opportunities to explore the SEPs
in a way that decreases misconceptions about and improves understanding of the practices (AntinkMeyer & Meyer, 2016; Reiser, et al., 2017). Science teachers need PD opportunities that will
allow them to experience inquiry activities in the way their students will and time to reflect on the
experience (Dare, Ellis, & Roehrig, 2014; Reiser, et al., 2017). PD for the implementation of the
NGSS must provide teachers with resources and opportunities to connect and collaborate with
other educators, time for reflection about the success of the lesson, vertical teaming, content
collaboration, and personal growth activities to improve their ability to use the SEPs (Hoffenberg
& Saxton, 2015). The PD must also support teachers in ways to structure their classes and pacing
to ensure that required content is taught while compensating for the additional classroom time
needed when inquiry activities are incorporated (Hoffenberg & Saxton, 2015).

29

Teachers must develop a strong PCK about the content they teach and the methods used
for instruction. PCK is an understanding of the relationship between teaching practices and the
learning outcomes of students (Loughran, Mulhall, & Berry, 2012; Schulman, 1987). PCK is
critical for impactful science teaching and embodies best practices in presentation and learning of
content as well as assessment strategies (Magnusson, Krajcik, & Borko, 1999). Teachers with
strong PCK are able to select teaching strategies appropriate for the content, implement the
strategies to maximize student learning, and assess the learning of students using appropriate
methods (Magnusson, Krajcik, & Borko, 1999). PD that helps teachers successfully select and
implement SEPs strategies is a method of improving PCK.
Qualities of Effective PD
While most types of PD have been shown to have some impact on teacher improvement
and student growth, the act of offering or participating in PD does not guarantee change. Teachers
may not use the information learned and skills developed through PD in the same way the learning
was presented during the experiences (Dare, et al., 2014). Successful PD, regardless of the format,
requires monetary and time commitments from districts (Dede, et al., 2009). Teachers’ goals and
beliefs will impact the way the PD is received and implemented, and both should be examined
prior to participation in PD so that the impact of the program can be maximized (Dare, et al., 2014).
When implementing new initiatives, including SEPs, student growth improves when the quality
of the implementation efforts is high; when the implementation quality is low student achievement
can actually be harmed (Capraro,et al., 2016). Successful PD, especially for the integration of SEPs
will explore participants’ prior knowledge, goals, and beliefs, allow participants to engage in
discussion about how the practices will be used in the classroom, and model the instructional
strategies so that participants experience the SEPs as learners (Dare, et al., 2014). PD can be
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ineffective when teachers are not supported by school stakeholders, and the implementation of
unsupported PD can cause multiple issues (Dede, et al., 2009).
Relationship-based PD, whether coaching and mentoring, PLCs, study groups, or peer
observations, and other types of PD such as online platforms can be impactful if certain design
qualities are present. Quality PD will cause teachers to change and improve their practice
(Hoisington & Winokur, 2018). PD must be sustainable and ongoing over an extended period of
time (Capraro,et al., 2016; Cunningham, et al., 2015). Desimone (2009) lists content focus, active
learning, coherence, duration, and collective participation as qualities of PD that research has
found to improve teacher knowledge and skill, improve teaching practice, and increase student
achievement. Impactful PD requires active learning experiences based on teachers’ needs and
interests and provides time for reflection (Allen & Penuel, 2015; Darling-Hammond, et al., 2017).
Teacher buy-in is necessary for PD to be impactful (Archibald, et al., 2011). Effective PD with an
inquiry focus should contain the following features: (1) target specific outcomes, (2) model the
instructional practices being learned, (3) acknowledge the importance of teachers’ interests, (4)
build capacity of teachers to incorporate the learning into their own practices, and (5) give
opportunities for reflection (Greenleaf, Litman, & Marple, 2018). Teachers who experience
constructivist rich, inquiry based PD are more likely than teachers who participate in a more
traditional PD experience to provide inquiry based learning opportunities for their students (Acre,
Bodner, & Hutchinson, 2014). When teachers experience PD through an inquiry model,
opportunities to collaborate, apply their learning, and further develop PCK are incorporated in the
PD experience; the result is often lasting changes to teaching practice (Greenleaf, Litman, &
Marple, 2018).
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Models of Professional development
Table 7 is a summary of PD models and research supported PD qualities. There are multiple
types of PD available to teachers, schools, and school systems, and not all PD programs are
valuable to all teachers.
Table 7
PD Types and Qualities
Study
Groups

Peer
Observation

Coaching
and
Mentoring

PLC

Facilitator
Lead

X

Relationship
Based

X

X

X

X

Collaborative

X

X

X

X

Ongoing

X

Focus
on Content

X

X

X

X

Active
Participation

X

X

X

X

Reflection on
Practice

X

X

X

X

Inquiry
Based

X

Student
Work
Review

X

Online

Workshops/
Conferences

Vendor
Proprietary
Programs

X

X

X

X

X

X

X

X
X

X

X

Adopting a one size fits all approach to PD may not be appropriate for causing wide-spread change
in teaching practice. PD that is focused on relationship-based, job-embedded formats such as study
groups, peer observation, coaching/mentoring, and Professional Learning Communities (PLCs),
have been shown to increase content knowledge and PCK in teachers (Cunningham, Etter, Platas,
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Wheeler, & Campbell, 2015). Additional formats of PD which do not have relationship-based
formats include vendor proprietary programs, workshops, conferences, and online courses.
Professional Learning Communities
One type of PD shown in research to be effective is a Professional Learning Community
(PLC). PLCs are an inquiry-based collaboration using learning processes supported by Dewey
and Vygotsky (Crafton & Kaiser, 2011). The results in student achievement are profound when
PLCs are properly implemented, reflected, supported, collaborative, and focus on using student
work as a data source for improvement (Capraro,et al., 2016; Darling-Hammond, Hyler, &
Gardner, 2017; Kelly & Cherkowski, 2017). PD that offers learning through a social
constructivism model and allows for reflection is effective for teacher growth, and PLCs which
use collaboration through dialogue and learning through inquiry have been shown to cause longterm changes in teaching practices (Crafton & Kaiser, 2011). Collaboration in a PLC is effective
in part due to the shared collegial experiences (Capraro,et al., 2016), and when the shared
experiences happen over a duration of two years or more, PLCs have been shown to be
advantageous in increasing student learning (Anfara, et al., 2012; Capraro,et al., 2016). Teachers
in PLCs report changes and improved practices and feelings of accountability to other PLC
members (Kelly & Cherkowski, 2017). Collaborative conversations in PLCs focus on student
learning and how to improve that learning by designing and analyzing student work, formative,
and summative assessments (DuFour, 2004).
Success of PLCs depends on collaboration and shared language within the group as well
as with the leadership structure of the school (Dede, et al., 2009). PD through PLC requires that a
respectful community of trust be established to maximize the communication, collaboration, and
reflection necessary for improvement of teaching practice (Kelly & Cherkowski, 2017). Part of
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the requirement of creating respectful communication is the establishment of and adherence to
defined protocols for reflection and interactions (DuFour, 2004). PLCs require members to invest
time to collaborate, reflect on practices and student work, remain positive and focused on the
shared goals of the group, and establish relationships based on mutual trust (DuFour, 2004; Kelly
& Cherkowski, 2017). The level of participation from the teacher determines the success or failure
of a PLC, and group members must be equal participants to benefit from the inquiry process
(Crafton & Kaiser, 2011). Teachers must accept a certain level of vulnerability for themselves and
their practice as well as avoiding judgmental attitudes towards their colleagues in successful PLC
groups (Kelly & Cherkowski, 2017).
Study Groups
Study groups are similar to PLCs due to the small-group, relationship-based, long-term
qualities, and they differ from PLCs in that they are a facilitator led. Study groups allow feedback
about teaching practices and analysis of student work and have been shown to improve teacher
content knowledge (Cunningham, et al., 2015). Study groups, like PLCs, offer teachers sustained
opportunities to review current student data, apply their learning often and with support from their
colleagues, and share in the vision for school improvement (Mullen & Hutinger, 2008). Study
groups typically involve all members of a school’s faculty in small group learning communities
(Mullen & Hutinger, 2008). Teachers participating in a study group focusing on making sense of
the three-dimensional learning of the NGSS reported an increase in confidence in using the SEPs,
were more prepared to use the SEPs with their students, had a greater understanding of the
importance of the SEPs, and had an increase in their plans to emphasize the SEPs in their teaching.
(Reiser, et al., 2017). Study groups can be successful, and it is important, as in PLCs, that the
group establish norms and expectations of behavior when working in a successful study group

34

(Stanley, 2011). The amount of time required for successful implementation of a study group is a
drawback to the PD model (Cunningham, et al., 2015; Mullen & Hutinger, 2008; Stanley, 2011).
Study groups require thoughtful collaboration, and have been shown to cause improvement in
teaching practices, but they can also foster maintaining status quo, conflict, disagreement, poor
communication, and one-sided, unequal collaboration making the group ineffective (Stanley,
2011).
Peer Observations
Unlike the small group quality of PLCs, peer observation is a type of professional
development strategy that pairs teachers for the purposes of observing practices to allow for
collaboration, constructive criticism, and reflection of practices (Bell & Mladenovic, 2015;
Shortland, 2010). Peer observation of teaching gives participants opportunities to examine student
engagement and the way students interact with the teacher and the content (Bell & Mladenovic,
2015).

It typically involves a pre- and post-observation conference and requires a time

commitment from both participants (Tenenberg, 2016). Like PLCs, peer observation can provide
opportunities for participants to reflect on their own teaching practices compared to the observed
teacher’s practices; the process helps teachers implement quality teaching practices into their own
classrooms (Bell & Mladenovic, 2015). Much research has been conducted on the impact of peer
observation on the teacher being observed, but the teacher making the observations can experience
growth and change as well (Tenenberg, 2016).
A drawback to peer observation is that it can be seen as threatening and evaluative rather
than edifying to participating teachers, and the threat may be exacerbated when the PD is mandated
by the principal in a top-down model of collaboration (Bell & Mladenovic, 2015; Shortland, 2010).
The feedback, suggestions, and critique of peer observation often come from an untrained partner,
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and relationships, particularly previously established friendships may suffer when communication
between peers is not carefully guarded; the process must remain non-confrontational, nonjudgmental, and avoid a checklist style of observation (Shortland, 2010). Successful peer
observation PD requires not only a time commitment to sustain learning; it also requires time for
participant training that should occur prior to observations being made. Training teachers in
making observations in the classroom setting and providing feedback to the teacher being observed
is essential for ensuring that the peer observation process has the desired outcome (Drew &
Klopper, 2014). Guidelines and observation protocols may be helpful in providing structure for
observations, but such forms, particularly those in a check-list format may be limiting for the
purposes of feedback and diminish the usefulness of the process (Shortland, 2010). Successful
peer observations require that participants be trained on observation protocols but observation
checklists should be avoided.
Coaching /Mentoring
Like PLCs, coaching/mentoring are relationship-based PD models. Defining differences
between coaching and mentoring is difficult due to the interchangeable use of terminology in
literature. Coaching/mentoring models of PD are similar to peer observations in that the model
typically uses pairs of teachers. Coaching/mentoring involves pairing an experienced teacher with
a new or developing teacher, and the focus of the interaction is to offer individualized support for
improving instruction by implementing research based teaching strategies (Cunningham, et al.,
2015), and supports the preservice or new teacher by encouraging collaboration, pedagogical
growth, reflection, and implementation of new strategies (Crafton & Kaiser, 2011). Collaboration
through coaching/mentoring requires both participants to communicate in ways that edify each
partner’s role, experience, and skill reducing confrontation (Jewett & MacPhee, 2012). Not all
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coaching/mentoring pairings are positive. Pairings are typically made by the principal rather than
a voluntary pairing and, unlike, PLCs, the interactions are often short term in nature (Crafton &
Kaiser, 2011).
Online PD
Online PD can be defined as “teacher learning experiences delivered partially or
completely over the Internet” (Fishman, et al., 2013, p. 2). Multiple types of online PD are
available, and online PD that requires participants to analyze example classroom videos for student
engagement and pedagogy increase the amount of participant reflection (Bates, Phalen, & Moran,
2016). Online PD can often be accomplished with less total contact hours than face-to-face courses
(Fishman, et al., 2013), and the format may be desirable for teachers who live and work in rural
locations where access to other formats of PD are limited. Online PD may be cheaper than faceto face PD offering other benefits that are unavailable to teachers and schools (Bates, Phalen, &
Moran, 2016a; Borko, Whitcomb, & Liston, 2009), but it lacks the relationship-based component
of a PLC and other types of PD. Online PD allows teachers to participate according to their own
schedules in synchronous or asynchronous sessions, and teachers are able to choose programs that
meet their individual needs (Dede, Ketelhut, Whitehouse, Breit, & McCloskey, 2009). One study
compared the outcomes of receiving a certain PD program in a face-to-face format versus an online
format; the researchers found no significant differences between the outcomes when the same
training is received in different formats (Fishman, et al., 2013). Online PD is not without issues,
however. Online PD options are diverse and a wide range of quality, delivery methods, and
instructional purposes exist, and there are many poorly constructed and implemented online PD
programs (Borko, et al., 2009). Quality internet speed is a prohibitive factor with Online PD.
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Workshops, Conferences, and Vendor Proprietary Programs
Workshops, conferences, and vendor proprietary programs have been shown to be
expensive and lacking the characteristics of quality PD that causes lasting change. The use of a
knowledgeable outsider or vendor type of PD is the least effective yet most expensive type and
often undermines the professionalism of teachers (Roseler & Dentzau, 2013). Workshops lack the
collaborative nature of relationship-based PD, may not have an impact on improvement of teaching
practice or student achievement, and the inconsistent nature of the occasional workshop decreases
the impact of the program (Stanley, 2011). These types of workshop-based PD are ineffective
because of their limited interaction and short term design and are a poor use of teachers’ time and
other district resources (Darling-Hammond & Richardson, 2009). The sit-and-get format of
workshops, conferences, and vendor proprietary programs prevents the relationship based,
reflective, collaborative, and inquiry focus of a PLC and other quality PD. These types of
programs are typically costly yet cause little change in teacher practice.
Graduate Degrees
Graduate degree programs are another type of professional development yet conflicting
findings about the impact of graduate degrees abounds. Many research studies are quick to report
that student achievement is no different when comparing test scores of students whose teacher
holds a graduate degree versus students whose teachers only have undergraduate degrees; these
reports often cite the economic impact due to increased teacher pay for higher degrees (Miller &
Roza, 2012; Horn & Jang, 2017). Studies reporting that graduate degrees have little impact on
student learning often do not specify the area of study or the quality of the program granting the
degree. Self-initiated graduate programs come at a greater cost to the individual teacher rather
than the district funded PD initiatives previously discussed.
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While many studies indicate a

graduate degree does not cause improvements, student achievement has been shown, in limited
studies, to increase in classes where science teachers hold a higher degree (Horn & Jang, 2017).
When considering the impact of graduate degrees, student achievement may not be the best
indicator of the positive impact of the programs. Earning graduate degrees has been shown to
cause changes in professional practice (Kowalczuk-Walędziak, Lopes, Menezes & Tormenta,
2017), and graduate degree completers improve the working community in which they participate.
(Taylor, 2007; Kumar & Dawson, 2013). Graduate degree holders are also more likely to
incorporate innovative teaching practices and technology as well as incorporating research-based
practices (Kumar & Dawson, 2013).
Part IV: Theoretical Framework
The purpose of the theoretical framework is to focus the research so that appropriate
questions, data, data collection methods, and data analysis methods can be incorporated in a way
that validates the findings (Bodner & Orgill, 2007). The proposed study used a constructivism
theoretical framework. The theory of constructivism and particular aspects of constructivism can
be found in the work of researchers such as Piaget, von Glasersfeld, Solomon, Cobern, and Kelly
(Bodner, Klobuchar, & Geelan, 2001). Constructivism is an appropriate framework for studies that
focus on how individuals make meaning or sense of new learning, how knowledge is acquired,
and how participants understand the concepts being studied (Bodner & Orgill, 2007). The
constructivist approach will be used to understand how teachers make sense of the SEPs through
PD and how they use their constructed knowledge to design learning experiences for their students
that utilize SEPs. Research questions in a constructivist framework are related to the sensemaking
of the participants about the concepts of the study, and as a methodology, constructivism guides
the collection of data so that the researcher can understand how the participant views the concepts
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being studied (Bodner & Orgill, 2007). The research questions and data sources of the study fit
well in a constructivism framework. The data collected through interviews, surveys, and artifacts,
among others show how the participants’ PD experiences influenced their understanding and
implementation of the SEPs.
Sensemaking theory is a social constructivist theory that describes the process of selecting
information, making sense of the information, then taking action about the information (Coburn,
2001).

Sensemaking involves developing active structures for understanding new information

(Maitlis & Chrisianson, 2014). Actions and routines are constructed as a cooperative group works
together to make meaning and develop a culture around the new information (Coburn, 2001).
When applied to teachers, sensemaking tries to explain how understanding and implementation of
policy reform occurs (Coburn, 2005). Sensemaking theory is appropriate when participants are
attempting to understand and construct meaning about reform (Gioia & Chittipeddi, 1991).
Sensemaking theory explains how teachers accept, modify, or ignore policy; sensemaking involves
the manner in which participants construct their understandings about policy then act on their
understandings (Coburn, 2001).
Building on Prior Research
Two studies served as a foundation for the research. A study by Allen and Penuel (2015)
focused on the way teachers made sense of PD about the implementation of the new NGSS
standards. Teachers in the study participated in a PD experience that focused on the NGSS and
took place prior to the beginning of the school year. A case study by Friedrichsen and Barnett
(2018) investigated the process of a mature PLC of biology teachers, how the group made meaning
of the NGSS, and how the group revised their lesson plans to incorporate NGSS based activities
for their students.
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The Allen and Penuel (2015) study highlighted the issues teachers had with incorporating
NGSS into their own practice after completing a two-day workshop PD about the Framework and
a five-day workshop PD about the NGSS. The two workshops occurred during August, prior to
the beginning of the school year, on two consecutive years. The implementation issues teachers
faced were caused by ambiguity about the integration of the standards with current science
teaching expectations, conflicting goals between the PD, standards, and building level
administrators, and the uncertainty of pacing and assessment using the new standards. The
sensemaking theoretical framework of the study focused on the data collected regarding the
ambiguity and uncertainty the participants needed to overcome to successfully implement the
NGSS. The data analysis of the Allen and Penuel study concluded that PD for the implementation
of new standards should provide teachers with opportunities to engage in collaborative inquiry so
that uncertainty and ambiguity issues can be addressed collectively.
The Friedrichsen and Barnett (2018) study highlighted the work of a mature PLC group
that had been collaborating for over nine years at the time of the study. Membership had evolved
over time to include teachers who joined the school’s faculty, but the norms, practices, and policies
of the PLC were maintained over the course of the PLCs existence. The study focused on the way
the group used tools such as a curriculum roadmap and chose which content to omit from their
previous practice to accommodate the content required by the NGSS. The PLC group focused on
designing experiences that used the practice of constructing explanations and engaging in
argumentation.

The study found that the group did not make a clear distinction between

argumentation and explanation. There was a shift when they redesigned the curriculum from a
fact-based teaching approach to an inquiry method that focused on supporting reasoning with
evidence and the use of many Claim-Evidence-Reasoning (CER) experiences. The group did not
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have a complete understanding of the SEPs, did not recognize the connection between content and
SEPs, designed separate assessments for content and practices, and designed activities that did not
match the intent of the SEPs. The study also recommended the use of a facilitator and other
external supports when PLCs struggle as a form of PD for the implementation of NGSS.
This study built on the previous research discussed above by investigating how teachers
made sense of the SEPs through PD in light of their views about inquiry. The study explored the
role of PD and PLCs in the revision of lesson plans to incorporate new standards. Previous studies
focused on the three components of the NGSS (Allen & Penuel, 2015; Anderson, et al., 2018;
Boesdorfer, 2017; Friedrichsen & Barnett, 2018; Ghosh, Krishnan, Rajguru, & Kapila, 2019;
Krajcik, et al., 2014; Nagle & Pecore, 2017); the new study focused more purposefully on the
SEPs, the PD about SEPs, and the degree to which teachers made the SEPs a part of their regular
classroom climate and culture through inquiry. This study investigated how participants made
sense of the practices through a case study approach.
Conclusion
Scientific inquiry has been the focus of science education reform for many years, yet few
changes in classroom practice have occurred as a result of the reform. The current national
standards and state standards, NGSS and GSE-Science, take a more complete attempt at reform by
identifying inquiry practices and aligning content with practice through the use of SEPs. Teachers’
views about SI are important, and uncovering those views may give insight into the depth to which
SEPs are implemented. Teachers must actively participate in PD experiences to be able to
successfully implement SEPs, and there are multiple formats of PD available, some more effective
than others. PLC is the model of professional development used by some of the participants in the
study, and as a result, other forms of PD have been compared to PLC. Inquiry is a constructivist
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concept, so using constructivism and sensemaking as theoretical underpinnings of the study were
appropriate. Connecting the impact of PD and teachers’ views about SI to the understanding and
sensemaking of SEPs was the goal of this study.
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Chapter III: Methodology
Introduction
The Georgia Standards of Excellence in Science (GSE-Science), grounded on A
Framework for K-12 Science Education (Framework) provide a set of practices, called the Science
and Engineering Practices (SEPs) that have been outlined to define skills and practices that
collectively result in the implementation of inquiry in science education. To be considered highly
qualified to teach chemistry in the state of Georgia a teacher must hold a certificate in Chemistry
or Science (McCampbell, Chu, & Alexander, n.d.). A certified teacher must merely pass the state’s
licensing test in broad-field science to be considered a highly qualified Chemistry teacher. No
pedagogical content knowledge (PCK) in chemistry is required, and a national study of high school
chemistry teachers has shown that less than 37% reported earning a degree in chemistry (Rushton,
et al., 2014). Before the SEPs can be successfully implemented, teachers must make sense of the
practices, policies, methods, and standards surrounding the SEPs as they are embedded in the GSEScience. School districts often offer professional development (PD) to assist teachers in learning
about new policies and expectations, but the use of the SEPs may not be integrated into classroom
practice in the consistent manner that the NGSS, the Framework, and GSE-Science suggest.
Highly qualified, certified science teachers may have little to no experience in designing and
implementing inquiry based, pedagogically sound chemistry lessons (Nagle & Pecore, 2019).
Teachers must be able to make sense of the SEPs in relation to the content they teach to be able to
incorporate the SEPs into the culture and norms of the classroom.
To explore the sensemaking process, this research study used a case study methodology to
gain an understanding of how various PD models influence a teacher’s ability to make sense of the
standards. The following research questions were explored during the course of the study:
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1. How does participation in professional development influence chemistry teachers’
sensemaking of the Science and Engineering Practices?
2. How are chemistry teachers’ scores on the Views About Scientific Inquiry instrument
related to the degree to which SEPs are implemented?
3. How does participation in professional development influence changes in chemistry
teacher’s lesson plan design to implement the Science and Engineering Practices?

The research was guided by a constructivism theoretical framework and utilized the sensemaking
theory as the theoretical underpinnings of the study. Sensemaking is an appropriate theoretical
lens for a study focusing on how teachers implement new policy. When sensemaking is applied
to instructional reform, the sensemaking process involves understanding the new standards, either
resisting or modifying the reform to fit into previously constructed knowledge, then personalizing
the reform to be applied in the classroom (Knap, 2008).
The case included four chemistry teachers enrolled in a graduate science education
program at Denton State University (DSU) (pseudonym) who had the common lived experience
of the instruction in a course solely focused on the implementation of the SEPs. Two chemistry
teachers from Rose Public Schools (RPS) (pseudonym), were also included in the study. RPS
teachers participated in ongoing PD through a professional learning committee (PLC) and have
received additional PD focused on the SEPs in a redelivery format. Participants completed an
online survey about their education and teaching experience. In addition, participants were asked
to provide documents such as lesson plans and reflections about the lessons’ usage of SEPs. The
participants were interviewed to gain insights about the way teachers made sense of the new
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standards, and the interviews were used to add credibility to the research by triangulating interview
data with other artifacts that were collected.
Constructivism
The purpose of the theoretical framework was to focus the research so that appropriate
questions, data, data collection methods, and data analysis methods were incorporated in a way
that validated the findings (Bodner & Orgill, 2007). The study, as described in Chapter II, used a
constructivism theoretical framework. Constructivism is an appropriate framework for studies that
focus on how individuals make meaning or sense of new learning, how knowledge is acquired,
and how participants understand the concepts being studied (Bodner & Orgill, 2007). Research
questions in a constructivist framework are related to the sensemaking of the participants about
the concepts of the study, and as a methodology, constructivism guides the collection of data so
that the researcher can understand how the participants view the concepts being studied (Bodner
& Orgill, 2007). The data collected through interviews, lesson plans, and artifacts, among others
were used to help the research determine how the participants’ PD experiences influenced their
understanding and implementation of the SEPs.
The interview process in a constructivist framework was necessary to allow the researcher
and participant to arrive at a shared answer through a dialectic methodology. (Bodner & Orgill,
2007). A dialectic methodology, which included interviews between the researcher and participant,
conversations between colleagues during PLC meetings, and post interviews where the researcher
discussed and confirmed findings with participants were incorporated as part of this theoretical
framework. A constructivist framework supports the use of documents produced by the participant
for the purposes of showing how the knowledge and understanding of the participant is developed
(Bodner & Orgill, 2007). All participants enrolled in the DSU graduate SEPs course provided
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lesson plans and lesson reflections as supporting documentation to show the depth of
understanding of the practices components. RPS teachers provided lesson plan reflections to
describe the success of SEPs rich activities. Artifact collection independent or coinciding with
interviews is a rich source of data in a constructivist study (Bodner & Orgill, 2007). The lesson
plan artifacts collected in the study provided insight into chemistry teachers’ sensemaking process
by showing the frequency and depth of SEPs implementation.
Methodological Frameworks
The research was guided by a case study approach. This type of study allowed the
researcher to investigate a current system, called a case, using several sources of data (Creswell,
2013). The focus of a case study is often on individuals who are members of the social organization
being studied, and the individuals serve as representatives for the organization (Hancock &
Algozzine, 2016). All members of the study represent the social organization of chemistry
teachers employed in a public high school. The goal of case study research is to reach a deep
understanding about the case which is achieved by collecting and analyzing multiple types of data
(Creswell, 2013; Dresch, Lacerda, & Miguel, 2015). A case study methodology is appropriate for
studying an issue or a program (Hancock & Algozzine, 2016; Stake, 2010), and for this study the
case focused on the sensemaking issue of the SEPs through PD.

A case study approach was

appropriate for the research to develop an understanding of PD, important qualities of effective
PD, and the influence of inquiry understanding and PD on teaching practice using the SEPs.
Case study research contains five main components: (1) the research questions, (2) the
propositions, (3) the units of analysis, (4) the logic that connects the data and propositions, and (5)
criteria for interpreting the findings (Yin, 2014, p. 29). The research questions, as previously
identified, were written as “how” questions to support the case study focus. A proposition “directs
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attention to something that should be examined within the scope of the study” (Yin, 2014, p. 30).
There were three propositions for the study and are listed as follows.

(1) Participating in

professional development about SEPs will increase both teachers’ sensemaking of the SEPs and
the use and implementation of SEPs in lesson plans.

(2) Teachers who have a deeper

understanding of scientific inquiry will implement SEPs in their lessons to a greater degree. (3) If
teachers have made sense of the SEPs, their lesson plans will reflect their sensemaking by the
extensive inclusion of SEPs indicating the inquiry climate and culture of their classrooms.
Case study research requires the identification of the units of analysis, or cases, and those
cases must be bounded by some criteria (Creswell, 2013; Yin, 2014). The research study focused
on six Georgia high school chemistry teachers from different school districts in the northwest
portion of the state who were participating in PD about the SEPs. These six teachers represent the
units of analysis, or the cases of the study. The criteria binding the cases were (1) being a practicing
chemistry teacher and (2) participating in PD about the SEPs. Each of the six chemistry teachers
were involved in some type of professional development about the SEPs. Four teachers were
enrolled in a DSU graduate level course as part of the program of study for the degree each was
seeking. Two teachers were members of a chemistry PLC at RHS who were attempting to increase
the use of SEPs in their lesson plans.
Case study research uses logic to connect the data to the propositions. Pattern matching
was used to connect the data collected in lesson plan revisions and PLC transcripts to teachers’
sensemaking about the SEPs and the SEPs used in lesson plans. VASI score patterns were used
to connect scientific inquiry views to SEPs implementation depth. A logic model was used to
explore rival explanations about other PD experiences impacting sensemaking and lesson
planning. The logic model and pattern matching were used as criteria for the interpretation of the
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findings of the study. The commingled rival of additional PD experiences of the participants, was
explored using the logic model described above in the interpretation of the study findings.
Context and Participants
Criterion sampling, when participants are included in a study because they have met a
predetermined criterion (Creswell, 2013), was used for the study. Participants from DSU were
graduate students in a mixed level, mixed science content area methods PD course focusing on
understanding and implementing the SEPs. The course took place over a four-week period during
the summer. The criteria requirement for the DSU participants’ inclusion in the study were being
a chemistry teacher enrolled in the course and seeking a MEd, EdS, or EdD degree. Eight students
were enrolled in the course. The students had either a background in chemistry, biology, or physics
and were enrolled in a MAT, MEd, EdS, or EdD, program. All participants in the course completed
portions of the data collection (survey, VASI instrument, reflection about SEPs, and lesson plan
reflection) as part of the normal course expectations. Only the participants who had a complete
data set and had a background in teaching chemistry, were selected for participation. MAT
students were not included because of inexperience in teaching. The initial demographic survey
was used to determine which participants met the chemistry background criterion. Four
participants met all the required criteria for inclusion in the study. RHS teachers involved in the
study met the following criteria: employed at RHS, teaching chemistry at the high school level,
and participating in the chemistry PLC during the time of the study. Two RHS teachers met all the
required criteria for inclusion in the study.
Data Collection
Before data collection began, the study was approved by the Institutional Review Board
(IRB). Two IRB approval forms were submitted, one for RHS participants and one for DSU
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participants. Participants were provided with two copies of the consent form, one to keep for their
information and one to sign and return to the researcher (Appendix A). Participation in the study
was confidential, and participants were free to withdraw from the study at any time. Signed
consent forms were included in the study database. Only participants who returned signed consent
forms were included in the study. Approval to conduct research at RHS was approved through the
school system’s district office.
Data collection with DSU participants began with a survey (Appendix B) of participants’
backgrounds in educational, professional development, and teaching experience. The survey was
in an online format and took approximately thirty minutes to complete. The survey was taken at
the convenience of each DSU participant prior to the beginning of the university course or before
the beginning of PLC data collections for RHS participants. The information from the survey was
used as demographic information about the participants to determine if study criteria for inclusion
were met and to establish a profile for each. Participants completed a Views About Scientific
Inquiry (VASI) instrument (Appendix C) prior to any instruction about inquiry or the SEPs. The
VASI instrument completion was at the convenience of the participant and conducted outside the
meeting time of the DSU course. DSU participants completed a lesson plan revision (Appendix
D) where a lesson plan currently being employed was revised to include a component of the SEPs.
In the lesson plan revision process, participants selected a lesson plan of their choice that they have
previously completed with students. Participants revised the lesson so that it better fit the state
standard that had an embedded practice. The lesson plan revision, along with an accompanying
narrative that discussed the changes made, was used to show growth and change in SEPs usage
and sensemaking about the SEPs.
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Data collection for the RSH participants began in a similar format as discussed above.
Each participant completed the survey (Appendix B) and the VASI instrument (Appendix C)
before the PLC group began planning for instruction of the GSE-Science Chemistry Unit Three.
Instruction for Chemistry Unit Three (Appendix E) began during November of the school year and
extended through the January of the following calendar year.

Weekly PLC meetings were

conducted as required by the school administration, and the meetings were audiotaped. Transcripts
from the PLC meetings were used to show the progression of sensemaking about the SEPs in the
participants and the inclusion of the SEPs in lesson plans designed by the group. PLC participants
completed a lesson reflection (Appendix F) about the success or failure of the SEPs-rich lesson
plans after the implementation of the lessons. The reflections were used as further evidence for
participants’ sensemaking about the SEPs.
Semi-structured interviews (Appendix G) with RHS and DSU participants were conducted at the
end of the study with each participant. The interviews lasted approximately thirty minutes and
were conducted at a time and location convenient to the participant. The interviews were
audiotaped, and transcripts of the interviews were used to capture participants’ views about inquiry
and how each had been able to continue to incorporate the implementation of the SEPs into their
classroom culture and climate. The analysis of the interview, the VASI instruments, the lesson
plan revision, and the survey data were used to triangulate the data and construct conformation of
the themes for the DSU participants (Creswell, 2013). The VASI instrument, PLC transcripts,
lesson plan reflections, and interviews were used as triangulation tools for the RHS participants.
An overall timeline of data collection for the study is included in Table 8. The data collected
during the investigation are summarized in Open coding and axial coding methods were applied
to the data analysis of the interview transcripts and PLC meeting transcripts. Narratives and
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transcripts from interviews were read multiple times so that common ideas could be observed.
These common ideas were developed into codes.
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Table 9
Data Summary
9 and are aligned to the research questions addressed. The table displays the data, the
collection method, the storage, method, the research question addressed, and the data analysis
method used. The data analysis methods are explained in greater detail following the data
summary.
Data Analysis
A large portion of the data analysis process involved coding of the data. “A code in
qualitative inquiry is most often a word or short phrase that symbolically assigns a summative,
salient, essence-capturing, and/or evocative attribute for a portion of language-based or visual
data” (Saldaña, 2015, p 3). Multiple types of coding were used to analyze the data collected over
the course of the study. Open coding and axial coding processes are used where codes are
developed then organized into categories (Saldaña, 2015).
Table 8
Data Collection Timeline
Event

Time frame
DSU Participants

Participants enroll in the course
Participants receive email with link to online survey
Participants complete the survey
Participants complete the initial VASI instrument
Participants complete the lesson plan revision
Participants with chemistry background are interviewed
RSH Participants
Participants complete the survey
Participants complete the VASI instrument
Participants attend PLC meetings
Participants complete Lesson Reflections
Participants complete a semi-structured interview
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May; prior to the course
May; Prior to the course
May; Prior to the course
May; Prior to the course
During week four of the course
After the new school year begins

During Preplanning
Early October
November through January
Ongoing through January
Between completion of Unit
Three and the school year’s end

Open coding and axial coding methods were applied to the data analysis of the interview transcripts
and PLC meeting transcripts. Narratives and transcripts from interviews were read multiple times
so that common ideas could be observed. These common ideas were developed into codes.
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Table 9
Data Summary

Data
Educational
and
Experience
Background
Survey

VASI
Instrument

Lesson Plan
Revision
(DSU)

Collection
Method
Electronic Survey
created with
Qualtrics;

Storage Method
Stored
electronically on
the Qualtrics
server

Distributed to
participants
through email

Research
Question
Data Analysis
Addressed
Method
Provides
Provisional
demographic data Coding
and support for all
research questions Codes include but
not limited to:
Years of
Experience;
Content Area; PD
Experience;
Educational Level

Participants
completed the
pencil/paper
instrument then
submit to the
course professor

Written answers
will be scanned
and stored
electronically as a
PDF in the
research database
on the
university’s
secure server

Question 2;

Participants
completed and
submitted
electronically on
the university’s
Learning
Management
System

Stored
electronically in
the research
database on the
university’s
secure server

Question 3:
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Used to provide
evidence of the
relationship
between
participants’
views about
inquiry and the
degree to which
inquiry practices
are implemented
in the classroom

Used to
demonstrate
changes in lesson
plan practices to
include SEPs as a
result of PD

Research based,
VASI scoring
rubric included in
Appendix I
Answers are
assigned scores of
novice,
transitional, or
informed

Provisional
Coding:
Codes include
SEPs Number,
Matches NGSS
Matrix, Does Not
Match NGSS
Matrix

Open coding and axial coding methods were applied to the data analysis of the interview
transcripts and PLC meeting transcripts. Narratives and transcripts from interviews were read
multiple times so that common ideas could be observed. These common ideas were developed
into codes.
Table 9
Data Summary
(continued)
Data Summary

Data
Lesson Plan
Revision
Narrative
(DSU)

Interview

Collection
Method
Participants
completed and
submitted
electronically on
the university’s
Learning
Management
System

Audio recording
on researcher’s
computer;
Professionally
transcribed

Storage Method
Stored
electronically in
the research
database on the
university’s
secure server

Audio
recordings are
stored in the
research
database on the
university’s
secure server as
MP3 files;
PDF files are be
stored
electronically in
the research
database on the
university’s
secure server
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Research
Question
Addressed
Question 3:
Used to
demonstrate
changes in
lesson plan
practices to
include SEPs as
a result of PD
Question 1,
Question 2, and
Question 3
Interview
questions were
structured to
address the
relationship
between PD,
sensemaking,
lesson plan
design and VASI

Data Analysis
Method
Provisional
Coding
Codes include
SEPs number,
Matches NGSS
Matrix, Does
Not Match
NGSS Matrix
Open and axial
coding

Open coding and axial coding methods were applied to the data analysis of the interview
transcripts and PLC meeting transcripts. Narratives and transcripts from interviews were read
multiple times so that common ideas could be observed. These common ideas were developed
into codes.
Table 9
Data Summary
(continued)
Data Summary

Data
Lesson Plan
Reflections
(RHS)

Interviews
(RHS)

Collection
Method
Participants
completed the
pencil/paper
reflection then
submit to the
researcher

Audio recording
on researcher’s
computer;
Professionally
transcribed

Storage Method
Written answers
were scanned
and stored as a
PDF
electronically in
the research
database on the
university’s
secure server
Audio
recordings are be
in the research
database on the
university’s
secure server as
MP3 files;
PDF files are
stored
electronically in
the research
database on the
university’s
secure server

Research
Question
Addressed
Question 3

Data Analysis
Method
Open and axial
coding

Used to show a
link between
VASI and SEPs
implementation

Question 1,
Question 2, and
Question 3

Open and axial
coding

Interview
questions will be
structured to
address the
relationship
between PD,
sensemaking,
lesson plan
design and VASI

Transcripts were read again in light of the codes and adjustments were made so that the
codes accurately captured the description provided in the transcripts. The codes were then
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organized and grouped into categories based on common ideas.

Descriptions and themes

developed from categories and the relationship between themes provided overarching descriptions
and theories about the sensemaking of the SEPs. Figure 1 shows a flowchart of interview codes
and categories; Appendix H displays the codes and categories that emerged from interviews with
quotations that exemplify each code to give further context and understanding.
Provisional coding “begins with a ‘start list’ of researcher-generated codes based on what
preparatory investigation suggests might appear in the data before they are collected and analyzed”
(Saldaña, 2015, p. 266). This method of coding was used to code the demographic survey to
capture the level of education, teaching, and PD experiences. Additionally, the lesson plan
revision data were analyzed with a provisional coding method. SEPs numbers were used as
provisional codes for lesson plan revision data, and the SEPs list is included in Table 10. The
degree of implementation was compared to the NGSS Matrix (NGSS, 2013) and the GSE-Science
standards specified in each lesson plan. The SEPs implementation level was identified as meeting
the expectation or not meeting the expectation of the matrix and standard. The NGSS Matrix is
included in Appendix J.
Table 10
Science and Engineering Practices (SEPs) by Number
SEP1
SEP2
SEP3
SEP4
SEP5
SEP6
SEP7
SEP8

Asking Questions and Defining Problems
Developing and Using Models
Planning and Carrying Out Investigations
Analyzing and Interpreting Data
Using Mathematics and Computational Thinking
Constructing Explanations and Designing Solutions
Engaging in Argument from Evidence
Obtaining, Evaluating, and Communicating Information
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PLC transcripts were read and coded according to the topic of conversation occurring at
each meeting in an open and axial coding procedure as described above. A code hierarchy for
PLC meetings is displayed in Figure 2, and quotations that exemplify each code is included in
Appendix K.

The ATLAS.ti software was used as a tool to assist in the analysis of the data.

Lastly, the VASI instrument was analyzed according to the protocol from the literature.
The instrument analysis included assigning each answer a score of either naïve, transitional, or
informed, then an overall instrument score of the same categories was assigned based on an
average. The item level scoring rubric used to score VASI responses is included in Appendix I.

Figure 1

Participant Interview Codes

Pattern matching is an analytical technique used in case study research where patterns of
the propositions made before the study can be matched to the data collected during the study (Yin,
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2014). The first proposition of the study states that participating in professional development about
SEPs will increase both teachers’ sensemaking of the SEPs and the use and implementation of
SEPs in lesson plans. The frequency of SEPs usage, if more than the required SEPs for the standard
was used, and if the SEPs usage matched the standard of the NGSS Matrix (NGSS, 2013), included

Figure 2
PLC Meeting Codes
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in Appendix J, were patterns used to identify evidence of sensemaking. The second proposition
of the study states that teachers who have a deeper understanding of scientific inquiry will
implement SEPs in their lessons to a greater degree.

The VASI scores of participants and the

instances of SEPs in lesson plans were patterns used to identify the relationship between inquiry
understanding and inquiry teaching. The third proposition of the study states that if teachers have
made sense of the SEPs, their lesson plans will reflect their sensemaking by the extensive inclusion
of SEPs indicating the inquiry climate and culture of their classrooms. The pattern of SEPs usage
in lesson planning was used as evidence to verify the sensemaking and depth of implementation
of the practices.
Logic Model
A logic model technique of data analysis was utilized. A logic model is a pattern matching
method used to organize multiple cause-effect cycles which occur over an extended period of time,
and the events and occurrences observed are matched to researcher predicted events (Yin, 2017).
A program level logic model is depicted in Figure 3. The intervention, which is identified as the
initial PD experience, either the DSU course or the RHS PLC, caused immediate outcomes; those
immediate outcomes produced intermediate outcomes which in turn produced the ultimate
outcomes (Yin, 2017). The logic model allows for the consideration of rival explanations which
are included in Figure 3. The study attempted to show the outcomes that occurred over the course
of the PD experience and the transitions leading to the outcomes (Yin, 2017). The overarching
comingled rival explanation for the study was that some other PD experience would have a greater
impact on sensemaking and implementation of the SEPs than the PD that was the focus of the
research study.

Possible immediate and intermediate outcomes represent a continuum of

sensemaking and implementation growth where a teacher might begin at a place where SEPs are

61

only used when expressed in the standard to a more limited or extensive use of SEPs due to PD.
The comingled rival explanation infers that another PD intervention would have had a greater
impact on the change shown in the lesson plan.
In the model, different types of PD available to participants in the study are listed under
the Professional Development heading. After the initial PD about SEPs participants may have
exposure and participation in a PLC, school, district, regional education service agency (RESA),
and state PD opportunities. Participants may have chosen to enroll in graduate level courses
intended to increase knowledge and sensemaking of the SEPs. Immediate outcomes from PD are
predicted to be the following: the participant did not implement SEPs at all; the participant
Figure 3

Logic Model
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implemented SEPs only when the practice was explicitly stated in the standard; the participant
implemented more SEPs than the explicitly stated standard but still in a limited capacity; the
participant implemented an extensive amount of SEPs. Immediate outcomes lead to intermediate
outcomes, and the intermediate outcomes lead to the ultimate outcome of making sense of the
SEPs and implementing the practices into the culture of the classroom. Participant interviews,
survey data, and lesson plan revisions and narratives were used to identify sources of outcomes.
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The research acknowledges that rival explanations such as previous inquiry experience, other
learning opportunities, personal research, some other type of PD, or no intervention at all could
cause the same outcomes.
Trustworthiness and Credibility
Trustworthiness in this study was established by the ways of credibility, transferability,
dependability, and confirmability (Lincoln & Guba, 1985). Credibility of a study is established
by collecting data over an extended period of time, triangulating the data, using the data to identify
rival explanations for conclusions, allowing participants opportunities to comment about findings,
and using peer researchers to verify information (Lincoln & Guba, 1985). Documents are a source
of corroboration and triangulation for other evidence (Yin, 2017). Documents can allow researcher
inferences about the data leading to additional interview questions specific to the document’s
relationship to the study (Yin, 2017). Lesson plan documents were used to affirm teachers’ use of
SEPs. The teacher created lesson plans were sources of interview questions about the influence of
PD on the SEPs chosen. Prior to participating in an interview or submitting any documents,
teachers were asked to complete a survey about their teaching and educational experience, and PD
experiences. Survey data are significant because the survey can be designed to ask participants
about specific information needed to support the research questions (Hancock & Algozzine, 2016),
and the survey data collected for the study focused on providing information that was used to
triangulate other data sources and creating a profile of each participant. Data triangulation through
converging evidence allows the findings of the study to be supported by multiple sources (Hancock
& Algozzine, 2016; Yin, 2017). Interview transcripts, PLC transcripts, lesson plans and reflections
were triangulated to support findings. Transferability of the study was established by using
purposeful sampling of data and using a rich description of the components of the study in the
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narrative (Lincoln & Guba, 1985). The data collected provided a wide variety of evidence so that
a detailed and rich description of the results was possible.
Defining rival explanations is an important analytic strategy for case studies (Yin, 2017).
There are several types of rival explanations that may be part of any study, but rival explanations
that will be important in the proposed research are investigator bias, commingled rival, and
implementation rival (Yin, 2017). The commingled rival would mean that another intervention in
conjunction with the PD experienced caused the observed impact. A commingled rival could be
a degree program of study in which a teacher was participating or research the teacher was doing
other than the PD of the study. The information from the survey about participants’ PD experience
and interviews provided evidence of a possible commingled rival. An implementation rival would
mean that the impact on SEPs occurred without PD. The possible rival explanations were
considered during the course of the study, and the expected rival explanations have been presented
in a logic model.
Other ways trustworthiness was established were through the creation of a case study
database, maintaining a logical sequence of data collection, sharing the results with participants,
and monitoring bias. A case study database allows data from multiple sources to be stored in a
format that allows it to be retrieved when needed; the structure of the database allows others
independent of the study to be able to view the collected data without reading the actual study
(Yin, 2017). An electronic case study database was created to organize the data from one source
in a way that makes it easy to retrieve and share with other researchers. The database was stored
on the university’s secure server. Dependability and confirmability of the study were also
established by this logical sequence (Lincoln & Guba, 1985). The logical sequence used was to
obtain PLC audio recordings, collect lesson plan reflections, and interview participants about their
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sensemaking of the SEPs. Sharing the results of the study through member checking with the
participants was used as a way to confirm the findings of the study and allowed participants to
provide feedback about their perceptions of the findings (Hancock & Algozzine, 2016).
Identifying the researcher’s personal bias and providing a detailed description of how the bias was
inhibited from impacting the results of the study is a method used to confirm the case study
findings (Hancock & Algozzine, 2016). The researcher acknowledged a bias toward the
importance of PD, graduate-level programs of study, and the impact of the collaborative
philosophy of a PLC. The researcher also acknowledged a bias toward the importance of inquiry
and the SEPs in the chemistry classroom. The researcher inhibited the bias by being clear with the
participants about the researcher’s role, as a graduate student at DSU and as a member of the PLC
group with the RHS participants. Careful attention to personal views, opinions, and bias were
observed by the researcher and shared with participants and other researchers to ensure the results
were data supported; the careful attention was necessary since the researcher was a participantobserver in the study.
Interrater agreement was used to maintain the credibility of the results. A second coder
read and coded lesson plans, PLC meeting transcripts, VASI scores, and interviews using the
codes established by the researcher. Agreement values were calculated in ATLAS.ti using
Krippendorff’s Alpha. Krippendorff’s Alpha is an appropriate tool to measure interrater
agreement when coding quotations. The calculation assigns “agreement or disagreement at the
level of the quotation, regardless of what was coded there” (Friese, 2019, p. 9). Three interview
transcripts were coded using the generated codes for sensemaking and SEPs usage, three lesson
plans were coded for SEPs usage, six PLC meetings were coded for SEPs usage and the topic
being discussed, and four VASI results were coded based on the VASI scoring rubric (Appendix
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I). The Atlas.ti files were merged in order to calculate the Krippendorff’s Alpha for each data
source, as shown in Table 11. An agreement of 0.800 or above is desirable (Friese, 2019).
Table 11

Interrater Agreement Values
Data Source

Agreement

Interview
Sensemaking
SEPs

0.964
0.874

PLC Meeting
Topic
Sensemaking

0.959
0.993

Lesson Plan SEPs

0.979

VASI Scores

0.960

Conclusion
The purpose of the study was to investigate the way teachers process their learning about
reformed standards through professional development then implement those standards into their
teaching practices, through their sensemaking of the SEPs. Similar sense making studies exist,
however this research specifically focused on the SEPs outlined by the Framework. Focusing
research on the Science and Engineering Practices specifically will add to research about teachers,
professional development, and implementing new practices. The study is significant since many
states, such as Georgia, did not adopt the full NGSS but rather designed their own standards based
on the Framework and incorporating inquiry practices.
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Chapter IV: Findings
The purpose of Chapter Four is to present the findings of the case study. The evidence
presented will answer three research questions: (1) How does professional development influence
chemistry teachers’ sensemaking of the Science and Engineering Practices (SEPs)?, (2) How are
chemistry teachers’ scores on the Views About Scientific Inquiry (VASI) instrument related to the
degree to which SEPs are implemented? and (3) How does participation in professional
development (PD) influence changes in chemistry teachers’ lesson plan design to implement the
Science and Engineering Practices? Participants were chemistry teachers who were involved in
PD related to the SEPs. Four participants, Ann, Ben, Charles, and Daisy, were enrolled in a
graduate course at Denton State University (DSU) (pseudonym) about the Science and
Engineering Practices (SEPs).

Two participants, Emma and Frank, were members of a

professional learning community (PLC) at Rose High School (RHS) (pseudonym). The chapter
will begin with a thick description of each participant. Then the research questions will be
answered using an analysis of each participant and a comparison of cases.
Participant Summaries
Participant summary information was obtained at the beginning of the study through a
survey of educational and teaching experience shown in Appendix B. Information provided by
the survey about educational background and teaching experience was compiled for each
participant and is discussed in the following section. A summary of each participant’s responses
is provided in Table 12.
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Table 12
Summary of Participants

Undergraduate
Pseudonym
Degree
Ann
Biochemistry

Teaching
Certificate/
Pathway
Science
through Teach
for America

Master’s
degree
Education

Years
Teaching
Experience
4-6

Ben

Biology

Chemistry
through
Master’s
Program

Master of
Arts in
Teaching
Chemistry

Charles

Religion and
Philosophy

Science and
Earth and
Space Science
through TAPP

Secondary 7-10
Education:
Chemistry

Chemistry, and
AP, Biology,
Environmental
Science and AP

Daisy

Biology-Health Science,
Sciences
Mathematics,
and Earth and
Space Science
Through TAPP

Currently
in
Master’s
Program

4-6

Biology
Chemistry and
IB,
Math
Physics/ Physical
Science

Emma

Chemistry

Chemistry
through
Undergraduate
Teacher
Education

None

1-3

Chemistry

Frank

Philosophy

Biology and
Chemistry
through
Master’s
Program

Science
Education

7-10

Biology
Chemistry and
Honors
Physics/physical
science
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4-6

Subjects Taught
Chemistry and
Honors,
Biology
Physics/physical
science
Chemistry and
Honors,
Physics/physical
science

Ann
Ann obtained a Bachelor of Science in Biochemistry in 2012. For the requirements of her
degree she completed more than six courses in biology, chemistry, and mathematics, between three
and six courses in physics, and one to two courses in environmental science. She did not earn a
teaching certificate during her undergraduate studies but rather through the Teach for America
program. She obtained a broad field Science certification through the program. She completed a
Master of Education program in 2014 and has between four and six years high school teaching
experience. She has taught chemistry, honors chemistry, biology, and physics/physical science.
During the study, she participated in multiple PD experiences in addition to the DSU course. Her
PD experiences included a National Science Teaching Association (NSTA) sponsored conference,
school-based PLC, and a one-day training through her school district. The focus of the PD
experiences included science practices and assessment strategies. During the interview, Ann
indicated that her county organized “one professional development session…that actually worked
specifically on integrating SEPs.” During the interview, Ann also indicated that she leads a PLC
group at her school specifically for chemistry teachers. Initially, Ann indicated that she is able to
effectively implement without additional training SEP 1, 2, 4, 6, 7, and 8. She indicated her ability
to effectively implement practices 3 and 5 would improve with additional training.

Ann was

pursuing a Chemistry Education EdD at the time of the study.
Ben
Ben completed a Bachelor of Arts in Biology program in 2010 with no teacher education
program. He continued his education by obtaining a Master of Arts in Teaching in 2012, earning
a teaching certificate in Chemistry through the program. His undergraduate coursework included
more than six chemistry and biology courses and one or two physics and environmental science
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courses. Ben has been teaching between four and six years, and during those years he has taught
chemistry, honors chemistry and physics/physical science. He participated in a county sponsored
training with the purpose of training teachers on the use of county adopted textbooks. Another PD
experience involved Argument Driven Inquiry (ADI). Ben discussed the relationship between
ADI and some of the inquiry activities involved in the SEPs, “I did the ADI training, which is
related to the practices because it is a type of instruction that you utilize for the practices.” Ben
also participated in school-based PLC groups for chemistry and physical science. Ben indicated
that he is able to effectively implement and mentor/train others to use SEP 3, 5, and 8. He
effectively implements SEP 1, 4, and 6, and his practice would benefit from additional training
with SEP 2 and 7.
Charles
Charles obtained a Bachelor of Arts in Religion and Philosophy in 2006, completing more
than six courses in biology and chemistry, and one to two courses in physics, environmental
science, and Earth and Space science. He earned a Master’s degree in Secondary Education in
2015 and acquired a teaching certificate in Science and Earth and Space Science through the
Georgia Teacher Academy for Preparation and Pedagogy (TAPP). Charles has seven to ten years
teaching experience which includes Advanced Placement (AP) Chemistry, AP Environmental
Science, honors biology, honors physics/physical science, and chemistry. Charles has participated
in an NSTA conference and AP training through College Board; he also attended the international
biannual ChemEd conference. When attending conferences such as the ChemEd and NSTA
conferences, Charles gave insight about why he chose sessions to attend. He stated “It hasn’t
necessarily been the standards per se, or I haven’t gone to any sessions that had them.” Instead of
choosing sessions where SEPs were the focus, Charles chose to attend sessions related to specific
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content topics. “I didn’t really want to go to those [sessions about SEPs] because I wanted specific
standards out of [the conference].” Charles indicated that the PD through College Board focused
on teaching strategies for AP Chemistry. Charles identified his ability to effectively implement
SEP2 and SEP7 would be improved with additional training. He indicated he does not need
additional training on all other SEPs. At the time of the study, Charles was enrolled in a Chemistry
Education EdD program at DSU.
Daisy
Daisy completed a Bachelor of Science program in Biology-Health Sciences in 2011 with
no teacher education program. Like Charles, Daisy obtained her teaching certificate for Science,
Mathematics, and Earth and Space Science through the TAPP program. During her undergraduate
coursework, Daisy completed more than six biology courses, three to six chemistry and
mathematics courses, and one or two physics classes. She has teaching experience between four
and six years, and her courses taught include biology, chemistry, International Baccalaureate (IB)
chemistry, mathematics, and physics/physical science. She has participated in a PD experience,
called Rigor Redefined, through the Georgia Regional Educational Service Agency (RESA).
Rigor Redefined focused on increasing science literacy through rigor in practice and assessment.
A small amount of time was devoted to training on SEPs, GSE, and cross cutting concepts. In her
interview, Daisy indicated that only a portion of one day of the five-day Rigor Redefined training
gave instruction about SEPs. Daisy also co-led a redelivery of the SEPs training from the Rigor
Redefined training for RHS science teachers. Daisy indicated her ability to implement all SEPs
effectively would be improved with additional training. Daisy was graduate student at DSU
pursuing a Master’s degree in Secondary Science Education and a teacher at RHS at the time of
the study, but she did not participate in the chemistry PLC at RHS.
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Emma
Emma earned a Bachelor of Science degree in Chemistry in 2016 and completed a
secondary education program as part of her coursework. Her program included one or two biology
and physics courses, and three to six chemistry and mathematics courses. She has one to three
years teaching experience, all of which has been chemistry. She participated in PD to earn gifted
endorsement and the RESA Rigor Redefined course previously mentioned.

Emma also

participated in an informal redelivery of SEPs and phenomena activities led by Daisy and other
members of the science department at their high school. Emma ranks herself as able to implement
SEP 4 and 8 with no additional training, but she indicates her use of all other SEPs would improve
with training. At the time of the study, Emma was not enrolled in a graduate program.
Frank
Frank completed a Bachelor of Science in Philosophy degree in 2009 with no teacher
education program. He earned a Master’s in Science Education degree in 2011, and the program
included a teaching certification process. At the completion of the program, Frank had earned a
teaching certificate in biology and chemistry. During his coursework, Frank studied biology,
mathematics, and chemistry, completing three to six courses of each subject. Frank also completed
one or two physics and one or two environmental science courses. He has seven to ten years
teaching experience which includes physics/physical science, biology, chemistry, and honors
chemistry. Frank’s PD experiences, other than the PLC in the study, included Rigor Redefined
and SEPs redelivery as previously mentioned and a technology focused PD experience through his
school district. About the Rigor Redefined experience, Frank commented “Unfortunately, I don’t
feel like we did a lot or enough with the practices in terms of practical applications of them.” Frank
indicated that his use of all SEPs would be improved with additional training. A summary of
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participants’ PD experience is included in Table 13. At the time of the study, Frank was not
enrolled in a graduate program.

Table 13
Summary of Participant PD Experience

Ann

PD1
DSU Course

PD2
PLC
(Leader)

PD3
NSTA
Conference

PD4
District
Sponsored
(Leader)

Ben

DSU Course

PLC-Content

Textbook
Training

ADI Training

Charles

DSU Course

PLCDepartment

NSTA
Conference

College Board
AP Training

Daisy

DSU Course

PLC
(Leader)

Rigor
Redefined

District
Sponsored
(Leader)

Emma

PLC- Content

Rigor
Redefined

District
Sponsored

Gifted
Endorsement

Frank

PLC-Content

Rigor
Redefined

District
Sponsored

PD5

ChemEd
Conference

Context
Four members of the study, Ann, Ben, Charles, and Daisy, were chemistry teachers who
had been admitted to and completing coursework in either an Educational Specialist, Educational
Doctorate, or Master’s degree program at a DSU. The participants were enrolled in a course about
the SEPs, and the course was part of the program of study for biology, physics, and chemistry
teachers. The course was offered during a four-week session in the summer, and participants
earned three graduate-level hours in their area of concentration. During the course, participants
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learned about the eight SEPs, the connections between the SEPs, the metacognitive processes
supported by the SEPs, and increasing inquiry in the classroom by incorporating the SEPs into
lesson planning. The course was hybrid in design and met in person once each week and online
once each week for four weeks. During class meetings, standards-based, biology, chemistry, and
physics activities were completed as part of the coursework giving participants the opportunity to
use the SEPs much like their students should. Discussions about how to use each practice were
part of the classwork. Students enrolled in the course completed the VASI before the first class
meeting. At the conclusion of the course, students submitted an original lesson plan showing how
the content had been previously taught in their classes, a revised lesson plan that included
additional SEPs to increase the inquiry processes of the lesson and match the expectation of the
GSE-Science, and a lesson plan commentary which required participants to respond to questions
about the original and revised lesson plans.
Two participants in the study were members of a chemistry PLC with the researcher at
RHS. PLC groups were mandated by the administration of the school and were based on teaching
assignments. Every teacher in the school was a member of at least one PLC, and some teachers
were members of as many as three PLCs depending on the teaching assignments.

The

administrators’ directive regarding the purpose of the PLC groups was to design common
assessments, common activities, and maintain a pacing so that all students in a course, regardless
of the teacher, would receive similar instruction on the same day. The PLCs were also charged
with analyzing student work, student progress, and learning gains during the units of study. The
teacher evaluation system in the state requires teachers to identify a professional goal for the school
year. The professional goal of the teachers in the chemistry PLC group was to add one SEPs rich
lesson to each unit throughout the school year. The group was assigned a meeting day and met
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before school each week for 25 minutes.

Meeting norms were established during the first

meetings of the school year and were decided and agreed upon by all members of the PLC. Norms
included avoiding discussions about individual students and issues that were outside of the control
of the group. The PLC group was committed to focusing the discussions on the standards and the
teaching of chemistry. The expectation that all members would contribute to discussions and
planning activities was also an established norm of the group.
All participants were involved in job embedded PLC groups, with varying degrees of
support and quality. Ann and Daisy took on leadership roles in their PLC meetings, serving as the
facilitator for their groups. Both Ann and Daisy, in their interviews, mentioned sharing activities
and guiding the work of the PLC group as part of their PLC responsibilities. Ben participated in
a content PLC, but his interview revealed that the PLC focused more on data analysis of student
assessments than on revising and implementing practices. Charles taught at a small school and
was the only chemistry teacher. His science department met as a PLC group, and, like Ben, the
focus was on data analysis rather than implementation of standards-based instructional practices.
Emma and Frank participated in a newly formed, content focused PLC group, and interactions of
the group are presented as part of this research study. Daisy, Emma, and Frank participated in the
RESA sponsored Rigor Redefined course. Interviews revealed that the Rigor Redefined course
was more theoretical than practical in nature, and only a small portion of the course focused on
SEPs. Daisy, Emma, and Frank also participated in a district sponsored PD that was designed in
a workshop format where participants could choose sessions based on interest. One session, led
by Daisy and other science teachers, focused on SEPs and involved participants in SEPs activities.
Teachers rotated to each activity then a culminating discussion about using SEPs ended the session.
The session was one hour in duration, and Emma and Frank both indicated in their interviews that
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the experience increased their sensemaking of the SEPs due to the hands-on format of the PD.
Ann also led a district sponsored PD experience. The focus was on adding inquiry practices into
chemistry lesson plans. Charles participated in the most PD, and Frank participated in the fewest
PD experiences.
Participants were asked about their ability to implement the SEPs in their lesson planning.
The summary of each participant’s self-assessment is presented in

78

Table 14
Summary of Participants’ Self-Assessment of SEPs
. All participants in the study indicated that their understanding of each practice allowed
them to implement them to some extent, even if they felt improvement in implementation would
occur with additional training. Only Ann felt that she did not need any additional training for
SEP2 and SEP7; all other participants identified that their ability to implement the practice of
modeling and engaging in argument from evidence would improve with additional training. None
of the participants felt that their understanding of SEP1, SEP2, SEP4, SEP6, and SEP7 would
allow them to mentor others in the implementation of those practices.

Ben identified his

understanding of SEP3, SEP5, and SEP8 as deep enough to mentor other teachers.

79

Table 14
Summary of Participants’ Self-Assessment of SEPs

SEP
(1) Ask questions
and define problems

Need more
training to
implement

Able to implement
but additional
training needed
Frank
Emma
Daisy

No training
needed
Ben
Charles
Ann

(2) Develop and use
models

Frank
Emma
Ben
Daisy
Charles

Ann

(3) Plan and carry
out investigations

Frank
Emma
Daisy
Ann

Charles

(4) Analyze and
interpret data

Frank
Daisy

Emma
Ben
Charles
Ann

(5) Use mathematics
and computational
thinking

Frank
Daisy
Ann

Emma
Charles

(6) Construct
explanations and
design solutions

Frank
Emma
Daisy

Ben
Charles
Ann

(7) Engage in an
argument from
evidence

Frank
Emma
Ben
Daisy
Charles

Ann

Frank
Daisy

Emma
Charles
Ann

(8) Obtain, evaluate,
and communicate
information
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No training
needed and able
to mentor others

Ben

Ben

Ben

Research Question 1
How does participation in professional development influence chemistry teachers’ sensemaking
of the Science and Engineering Practices?
In a semi-structured interview conducted at the conclusion of the study, participants were
asked to identify the practice they use most often in their teaching practice and the practice that
they find the most difficult to implement. A summary of participant responses is included in Table
15. Three out of six participants, Ann, Daisy, and Frank, indicated SEP7, engaging in argument
from evidence, was the practice used most often in their teaching and lesson design. Ann’s initial
assessment expressed that she did not need additional training to fully implement this practice.
However, surprisingly, in the initial SEPs self-assessment survey, both Daisy and Frank, indicated
additional training for SEP7 would increase their understanding of the practice. Three of six
participants, Ben, Charles, and Emma, implemented SEP5, using mathematics and computational
thinking, most often in their lessons. In the initial SEPs self-assessment, both Charles and Emma
indicated they needed no additional training for SEP5, and Ben felt he could mentor others in the
practice. Ann discussed SEP1 in relation to the practice most difficult to implement. Ann said “I
have a hard time. I understand what it is…I have a hard time conveying that for my students to
do.” Initially, Ann ranked her understanding for the practice to be deep enough that additional
training was not needed. Emma and Frank discussed SEP3, planning and carrying out an
investigation, as the practice they found the most difficult to implement. In their initial selfassessment survey, both participants indicated additional training was needed to improve their
understanding of SEP3. Three of six participants, Charles, Ben, and Daisy mentioned SEP2,
developing and using models, among the standards most difficult to implement. Charles and Ben
initially expressed a need for additional training in SEP2. Daisy’s discussion focused on how her

81

practice changed after participating in the university course about SEPs. Daisy said, “I used to be
very apprehensive about models…but when I went through the class and learned about [the
practices] I don’t have a least favorite anymore.”
Table 15
Most Implemented and Difficult to Implement Practice by Participant
Participant
Ann
Ben
Charles
Daisy
Emma
Frank

Most Implemented Practice
SEP7
SEP5
SEP5
SEP7
SEP5
SEP7

Most difficult to implement Practice
SEP1
SEP2
SEP2
Originally SEP2; none
SEP3
SEP3

Participants were also asked during the interview about the process for sensemaking of the
practices and the professional development experiences in which each has participated. Questions
were designed to elicit responses that would allow the researcher to uncover the process teachers
use to make sense of the SEPs and if participation in PD influences their sensemaking process.
The transcribed interviews were reviewed multiple times, and open coding was performed to
uncover trends and themes within responses. Seven common sensemaking themes emerged from
the interview responses: time, observing or participating in activities, participating in a course
about SEPs, participating in PD specific to one practice, focusing on the relationship between GSE
and SEPs, collaboration with colleagues in PLC, and modifying existing activities (Table 16).
All six participants mentioned time as part of their sensemaking process. Most mentioned
the need for time in an abstract sense. Participants’ comments about the need for time ranged from
needing more time to plan, collaborate with colleagues, and make sense of the standards and the
SEPs. Emma viewed the need for PD time by stating, “I don't know how you resolve that because
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at the end of the day time is time. I would love if we could just have more time to do professional
development.”
Table 16
Summary of Sensemaking Influences
Number of Participants Responding
(N=6)
6
6
4
4
3
3
2

Sensemaking Influence
Observing or Participating in the activity
Time
Participating in SEPs PD Course
PLC/colleague collaboration
Focusing on GSE/SEPs Relationship
PD about a specific Practice
Modifying existing activities

Daisy recognized the need for time in the entire process of implementing something new when she
commented,
in order to really implement the science and engineering practices, you need time
individually to maybe come up with a lesson or come up with an idea. You need
time together to bounce ideas off of each other and then time together to put your
lesson together.
Ben emphatically stated, when asked how his practice has changed since the univeristy course “I
need more time.”
All six participants indicated that either observing or participating in a SEP-rich activity as
a learner influenced their SEPs sensemaking. Perhaps the most telling statement was from Ann,
“I normally think about science the way I learned it. Seeing a new application of that same
information was definitely beneficial.” Her comments pointed not only to the importance of
inquiry-driven PD where teachers actively participate in SEPs activities but also to the importance
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of widespread implementation of inquiry teaching by science teachers at all levels. Ann’s
statement is a reminder that teachers mimic their learning experinces in their own teaching
practices. Frank stated that “seeing it in practice…helps” when asked about his SEPs sensemaking
process. Daisy spoke specifically about how participating in an activity where SEPs are used in
the lesson helps her understand and make sense of the practice. She stated, “[I] will see where the
misconceptions will come from. I'll see where the struggle will be.” When working through
activities as a learner in a group, Daisy also commented “I'll see the other perspectives that might
shift the way things will be. I think it's very helpful.” Participating as a learner also meant Daisy
was more likely to find a way to incorporate the activity in her own classroom, and working in a
group provided multiple perspectives. Participating in collaboration and group activities helped
teachers see different ways students may tackle a task. Daisy stated, “the lessons that I did … as
a student, I implement as a teacher and I can anticipate where we're going to have hiccups or where
we might veer a different way.”

Ben had a different perspective about observing lessons

influencing his sensemaking. He commented, “I think [it] is more effective for me to try it and
learn from the students and learn from their mistakes.” Ben indicated he used observations from
students engaging in SEPs to help him make sense of the practices.
Four of the six participants indicated that the DSU SEPs course was a major influence on
their SEPs sensemaking. The two participants who did not indicate a SEPs course influenced their
sensemaking were Emma and Frank, who were not taking a course. With regards to the course,
Ann stated, “I think the class on science and engineering practices, all the demos that we did were
super beneficial.” Daisy had positive comments about the course as well. Daisy stated,
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I think what helps me make sense of them the most was when I went through class last
summer and we spent a long time looking at one at a time. We looked at the ones that were
harder, maybe for most people, to figure out.
Focusing on one practice with a group of learners was an important influence in Daisy’s
sensemaking. Ben appreciated the learning experiences in the course as well as an influencer of
his sensemaking. Ben commented, “What brought the most context to me [were] the examples
of [SEPs].” Ben’s participation in the graduate level SEPs course influenced his sensemaking
process.
Four of the six participants indicated collaborating with colleagues in a PLC influenced
their sensemaking of the SEPs. The two participants who did not mention the influence of a PLC
were Charles and Ben. Charles taught in a small school where he was the only chemistry teacher.
His PLC experience at his high school involved the entire science department, and the focus of
their meetings was student data analysis rather than lesson design. Ben did participate in chemistry
and physical science PLC meetings at his school, and the focus of his meetings was pacing. When
asked if his group used PLC meetings to design SEPs lessons, Ben was quick to respond
emphatically with “No. We should.” Emma spoke to the impact her PLC group had on her
learning and the important impact of colleagues when she stated,
because you have people to collaborate with. What also helped me is we all have different
things to bring to the table…that just makes me a better learner and then in turn makes me
a better teacher. I really, really have gained a lot from the PLC, especially looking at the
engineering practices.
Three of the six participants indicated their sensemaking process included relating the SEPs
to the content standard indicated in the GSE. Ben, Charles, and Daisy discussed the GSE content
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and the way the SEPs were defined in standards as influencing their understanding and
sensemaking. Daisy stated,
Because the standards, the way they're written now, they seem to match up what may be
the easiest scientific and engineering practice with the content. For example, when they
say analyzing and interpreting data, I think they usually match that up with the content that
the data is easy to collect.
Daisy’s comments indicated the importance of having a deep understanding of the content when
attempting to incorporate different teaching methods into practice. The direct mention of the
practice in the standard can help inexperienced teachers incorporate the SEPs. Charles made
similar observations about his sensemaking process: “I think that they are embedded decently well
within our new standards, especially in Georgia.” Ben also discussed the importance of the SEPs
being embedded in the GSE in influencing his sensemaking process. Ben stated, “you look at the
GSE and how they state in all their standards there is one of those SEPs in them. Seeing the
standard and the NGSS allowed me to put context of how we can utilize these practices.” Charles,
Daisy, and Ben also highlight the wording of the GSE to include a practice, and seeing the practice
tied to a content standard influenced their sensemaking.
Three of the six participants indicated participating in PD focusing on one practice or a
related topic influenced their sensemaking. Charles, Ben, and Daisy discussed a PD experience
and how that experience related to the SEPs and the implementation of that practice into the
classroom. In Charles’s interview he mentioned participating in a modeling session during a
workshop he attended. While the modeling session improved Charles’s understanding of the
modeling process, he indicated he still needs more training to make sense of the practice. He said,
“I would say that, for me, what pops out as being difficult to do and not something just intuitive
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of what I do is developing and using models.” Ben participated in Argument Driving Inquiry
(ADI) training, and during the interview, he discussed the relationship between the teaching
strategies of ADI and the SEPs. Ben stated,
what I want to do next year, now that I really think about it, is I want to take some of those
ADI practices or just SEPs or how ADI uses the SEPs, and implement it for something the
kids are interested in.
Daisy mentioned a course that focused on assessment and academic language. In applying her
learning from the PD experience, Daisy recognized the importance of assessing students’ use of
SEPs. She spoke specifically about the process of assessing Claim, Evidence, Reasoning (CER)
arguments and the need for a method of assessing other practices. Daisy stated:
It made me think of how to assess these. Like we use CERs and we can assess those and
that's argument and we can track a kid's ability to support a claim throughout the year. It
would be interesting if we could assess how they plan and investigate a lab or an
investigation.
Two of the six participants indicated modifying existing activities to include a greater SEPs
focus influenced their sensemaking process. Ann and Daisy discussed the process of modifying
activities with colleagues as an influence on their understanding. Daisy stated that during her PLC
“we're looking at activities and seeing if they fit into one of [the SEPs] instead of really maybe
making it our own.” Ann mentioned modification of lesson plans as part of her sensemaking
process as well when she commented, “we have these collaboration sessions, and we're supposed
to modify existing lesson plans, which is useful because you’re not starting from scratch.”
Analysis of participant interviews indicated that PD did influence SEPs sensemaking. All
participants in the DSU course indicated that the experiential structure of the course was a major
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influence in their sensemaking of the SEPs. DSU participants also indicated modifying existing
activities and studying the SEPs in specific GSE standards, both of which were emphasized during
the SEPs course, were important components of their sensemaking process. DSU participants
stated that applying other training to the SEPs helped them understand how to incorporate the SEPs
in their lesson plans. DSU and RHS participants mentioned working with colleagues in PLC
groups as influencing their sensemaking. PD through PLC, university courses, and other PD
experiences were all mentioned by participants as influencing their sensemaking and
understanding of the SEPs, and participants gave important insight during their interviews to
qualities the PD experiences should include. PD experiences, according to study participants,
should allow time for collaboration, lesson design and modification, and analysis of the GSE in
relation to the SEPs. Allowing participants opportunities to observe or take part in activities using
SEPs was also included as an important quality of sensemaking PD.
Research Question II
How are chemistry teachers’ scores on the Views About Scientific Inquiry (VASI) instrument
related to the degree to which SEPs are implemented?
The Views About Scientific Inquiry (VASI) instrument is a pen and paper assessment
designed to holistically rank individual’s understanding of the eight aspects of inquiry (Lederman,
et al., 2014). The authors of the instrument designed questions to link to the inquiry aspects for
the purpose of giving an overall profile of an individual’s inquiry understanding. VASI score
results rank individual’s inquiry understanding as Informed, Naïve, or Mixed. Answers to each
question are scored as either Informed, Mixed, or Naïve, and the overall rating is based on a holistic
scoring approach rather than an item by item rating. An informed response is one that completely
agrees with the aligned Aspect of Inquiry (AI). A mixed response partially agrees with the aligned
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AI but is not completely consistent. A naïve response contradicts the aligned AI (Lederman, et
al., 2014). An overall rating of Informed, Transitional, or Naïve is then assigned to participants
based on the consistency of responses. The eight AI are defined and examples of participant
responses exemplifying the depth of inquiry understanding are displayed in
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Table 17
Aspects of Inquiry
.
Each participant completed the VASI instrument at the beginning of the study and prior to
the PD that was the focus of the research. Exemplars for each ranking, Informed, Mixed, or Naïve,
were researcher designed based on recommendations of the VASI authors and aligned to the
aspects of inquiry. A scoring rubric for VASI questions is included in Appendix I. Participant
responses were scored by the researcher using a deductive coding process where responses were
matched to criteria established by the exemplars. Informed responses were assigned a score value
of three, mixed responses were assigned a score value of two, and naïve scores were assigned a
score value of one, then a total VASI score value was calculated for each participant. The VASI
includes 11 total questions with a total score possible of 33. Table 1818 displays the total number
of informed, mixed, and naïve responses for each participant as well as their total VASI score.

90

Table 17
Aspects of Inquiry
Informed Response
Mixed Response
Naïve Response
Aspect of Inquiry One: “Scientific investigations all begin with a question and do not
necessarily test a hypothesis” (Lederman, et al., 2014, p. 76).
I do consider this person’s
investigation to be an
experiment because the
person started with a
question, collected data, and
then drew a conclusion.
While it is unclear of the
exact parameters of the
experiment, I think it was still
an experiment. (Ann)

Yes, the person’s
investigation in scenario 1 is
scientific. A scientific
investigation follows the
pattern of the scientific
process which is to make
observations, for a
hypothesis, gather data that
will test hypothesis, and form
a conclusion based on
evidence (Daisy)

Based from the information
given, I don’t consider this
instigation an experiment
because it appears that this
person just made
observations. (Emma)

Aspect of Inquiry Two, “There is no single set or sequence of steps followed in all
investigations” (Lederman, et al., 2014, p76)
I think there are multiple
methods that scientific
investigations can follow.
For example, with the
investigation above, the
person in the scenario chose
to use images of the birds and
to compare their food
qualitatively. However,
someone could ask the same
question and test it using live
birds by placing the same
variety of foods in various
species of birds’ cages and
documenting which food type
was consumed and using the
data to determine whether or
not there was a pattern. (Ann)

The investigation lack
presentation of the data and
analysis needed. (Charles)
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I think scientific
investigations can be
conducted in several ways as
long as it includes the
foundations within a
scientific investigation. For
example, the order of the
‘methods’ could differ. One
may be conducting an
experiment and discover a
new hypothesis to test. All
steps in a scientific method
must be present. (Emma)

Table 17 (continued)
Aspects of Inquiry
Informed Response
Mixed Response
Naïve Response
Aspect of Inquiry Three: “Inquiry procedures are guided by the question asked” (Lederman, et,
all, 2014, p. 76).
I would side with team A.
The main question was
comparing tires which their
experiment did. Team B is
comparing the effects of
different road types on tires.
(Frank)

Team B is better, because of
the number of trials that will
give more diverse data to
investigate. Team A limits
the scope of their results by
picking only one road
surface. (Ben)

Aspect of Inquiry Four, “All scientists performing the same procedures may not get the same
results” (Lederman, et al., 2014, p. 76)
If the question and
procedures are valid, then
they should collect similar
data but they will not
necessarily come to the same
conclusion because the
conclusions drawn are shaped
by the different viewpoints of
the scientists (Ann)

Yes, if both scientists truly
asked the same question and
followed the exact same
procedures, including all
controls, they should come to
the same conclusion.
Theoretically, they should get
the same data which would
show the same trends that
lead to the same evaluation.
(Daisy)

Aspect of Inquiry Five, “Inquiry procedures can influence results” (Lederman, et al., 2014; p.
76).
No, if the procedures are
Not necessarily, different
different then one of the
procedures can yield different
scientists could control
results. (Emma)
different variables that would
manipulate the data. The data
could show different trends
which would lead to different
conclusions. (Daisy)
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Table 17 (continued)
Aspects of Inquiry
Informed Response
Mixed Response
Naïve Response
Aspect of Inquiry Six, “Research conclusions must be consistent with the data collected”
(Lederman, et al., 2014; p. 76).
According to the results of
the investigation, I agree with
choice b. The data table
shows that as minutes of light
each day increases plant
growth-height decreases. The
data point at 20 minutes of
light per day does not directly
fit the data so this would
cause me to consider another
trial (Daisy)

I would have chosen b, but
the 10 cm spike at 20 minutes
leads me more to choosing C.
I would prefer more data for
comparison to make a final
conclusion. (Frank)

Aspect of Inquiry Seven, “ Scientific data are not the same as scientific evidence” (Lederman,
et al., 2014; p. 76)
I do think there is a slight
All data is evidence of
difference between data and
something. It’s not
evidence. I think when
necessarily evidence of the
quantitative or qualitative
question being asked or
data is interpreted, analyzed,
investigated in the
and evaluated it can be called
experiment. (Charles)
evidence. (Daisy)
Aspect of Inquiry Eight, “Explanations are developed from a combination of collected data
and what is already known” (Lederman, et al., 2014; p. 76)
Other scientists’ information
Scientists use logic and
and observations/explanations reasoning to explain their
of what we already know
conclusions (Emma)
about the world (Ann)

93

The VASI instrument addresses the eight aspects of inquiry with 11 total questions. Most
questions are aligned with only one AI but some questions are aligned with multiple aspects. An
analysis of participant scores on each AI in addition to a holistic overview VASI score gives more
detail about the degree to which SEPs are implemented in lesson plans. A participant level analysis
of each AI is included in Table 19. The table displays each AI and the degree of understanding
each participant exhibited with their VASI responses. Total scores for each aspect are displayed
as well, calculated with the same formula used to determine participant scores. An informed score
receives three points, a mixed score receives two points, and a naïve score receives one point. The
maximum score possible for each aspect is 18.
Table 18
Number of Responses by Participant
Number of Informed
Participant
Responses
Ann
9
Ben
7
Charles
7
Daisy
7
Emma
4
Frank
6

Number of Mixed
Responses
1
1
2
1
4
3

Number of
Naïve Responses
1
3
2
3
3
2

Overall Score
30
26
27
27
23
26

One participant, Ann, had nine out of 11 informed responses; her views about inquiry were
holistically scored as informed with a score of 30 out of 33. Emma had the lowest score, 23 out
of 33, with only four of 11 informed responses; her views about inquiry were holistically scored
as naïve. All other participants had scores of 26 or 27 out of 33 and six or seven informed
responses; Ben, Charles, Daisy, and Frank had views about scientific inquiry which were mixed
or transitional in nature. Reasons for Emma’s low score as compared to other participants were
revealed in an analysis of participant information. Emma has the fewest years of teaching

94

experience, and she was the only participant who did not have a graduate degree with the exception
of Daisy. Daisy was in a Master’s program for science education at the time of the study. All
other participants either have or were currently pursuing advanced degrees in science education.
Experience in teaching chemistry and the pursuit or completion of advanced degrees appear to be
a contributing factor to higher VASI scores among study participants. A brief description and
analysis of each participant’s VASI scores are presented.
Table 19
Participant Level Aspect of Inquiry Scores
Aspect of
Inquiry
1
2
3
4
5
6
7
8

Ann
Informed
Informed
Informed
Informed
Informed
Informed
Naïve
Informed

Ben
Informed
Informed
Naïve
Informed
Mixed
Naïve
Informed
Informed

Charles
Mixed
Mixed
Informed
Informed
Informed
Informed
Naïve
Informed

Daisy
Mixed
Naïve
Informed
Naïve
Informed
Informed
Informed
Informed

Emma
Mixed
Naïve
Informed
Naïve
Mixed
Informed
Informed
Mixed

Frank
Naïve
Naïve
Informed
Informed
Informed
Mixed
Informed
Informed

Score
13
11
16
14
16
15
14
17

Ann
Ann had the highest VASI score of all participants in and a VASI ranking of informed.
Ann’s lesson plan analysis shows a vast and varied incorporation of SEPs. During her interview,
Ann also spoke about the types of activities and experiences she planned with her PLC and
implemented with her students. Inquiry and the SEPs are incorporated extensively into her practice
based on her lesson plan and her interview. For Ann, a high VASI score did indicate a high degree
of SEPs implementation.
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Daisy
Daisy’s VASI score, like Ben and Charles, included seven informed responses. She had
one transitional response and two naïve responses giving her a holistic mixed score. Analysis of
Daisy’s lesson plan showed an extensive use of SEPs that indicated an inquiry focused classroom
culture. Daisy included the SEPs required by the standard, and Daisy also included additional
inquiry activities that involved SEPs not required by the GSE-Science. In Daisy’s interview, she
spoke candidly about her planning process which included a focus of SEPs when considering
activities she used with her students. For Daisy, a high VASI score did indicate a high degree of
SEPs implementation.
Ben and Charles
Ben and Charles, like most of the participants, have a mixed VASI score. Each had seven
informed responses. Ben had one transitional and three naïve responses while Charles had two
scores each in the transitional and naïve range. Lesson plan analysis for both Ben and Charles
show little change in implementation of SEPs. Interview analysis for both men indicated that some
SEPs implementation was occurring in their lesson plans, but the SEPs implementation was not as
extensive as Ann or Daisy. Both men did acknowledge a desire to continue adding SEPs and gave
examples of SEPs being used in their teaching practice. For Ben and Charles, a high VASI score
did not indicate a high degree of SEPs implementation.
Emma
Emma’s VASI score is the lowest of all participants. With four informed, four transitional,
and three naïve responses, Emma received a holistically naïve VASI score. While her VASI score
was low, her use of SEPs, based on her interview and lesson plan analysis, included some SEPs
not specifically linked to the standards. She was willing to incorporate activities designed with
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her PLC that included SEPs that required students to analyze evidence (SEP4), complete
calculations (SEP5), or make and support claims with reasoning (SEP6). She was reluctant to
incorporate lessons that allowed students to design and carry out their own investigations (SEP3),
omitting some of these activities all together. She incorporated the SEPs as defined by the
standards sometimes. She added some additional SEPs that were not explicitly stated, especially
in using mathematics and computational thinking (SEP5). Emma gave naïve VASI responses for
aspects of inquiry two and four which are related to designing investigations and results from those
investigations. Emma was the least experienced teacher in the study. Her lack of experience could
be a contributing factor to her naïve VASI score and reluctance to allow students opportunities to
design and carry out their own investigations.
Frank
Frank’s VASI score, with six informed responses, three mixed responses, and two naïve
responses gave him a mixed holistic score. Like Emma, Frank’s implementation of SEPs was
most consistent when the standard required the use of SEP5, but Frank was reluctant to use and
seemed to avoid the activities designed by the PLC when SEP3 would have been incorporated.
Frank had a higher VASI score than Emma but their implementation of PLC designed activities
using SEPs was similar. Frank has more teaching experience, but his undergraduate degree is
unrelated to chemistry. Frank’s teaching experience could be the contributing factor to his higher
VASI score.
Aspects of inquiry and the degree of incorporation
AI3 was a high scoring inquiry component, with a score of 16 out of a possible 18. AI3
relates the importance to the question asked and the procedure used to answer the question. Five
participants, Ann, Daisy, Frank, Emma, and Charles, had informed views, and one participant,
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Ben, answered with a naïve view. The AI is assessed with an item that presents a question and
two methods for testing the question. VASI participants must choose which method is the best
procedure for testing the question and justify their reasoning. The VASI item is structured much
the way a Claim-Evidence-Reasoning (CER) activity might be presented in a science class. In a
CER activity, the teacher typically presents the class with a question then provides materials for
students to use in a procedure to answer the question. Students must collect data, analyze the data
to uncover supporting evidence, then answer the question while justifying their reasoning with
evidence (McNeill & Martin, 2011). Ann, Daisy, Frank, and Emma discussed the use of CER in
their classrooms. The revised lesson plans submitted by Ann and Daisy contained a CER
component, and Frank and Emma discussed the inclusion of CER activities during the PLC
meetings. CER activities can be used to implement multiple SEPs such as SEP3, SEP6, and SEP7,
and the use allows SEPs to be implemented well in lesson plans and inquiry activities. It is
important to note that Ann, Daisy, and Frank listed SEP7 as the practice they used the most often
in their lesson plan designs. High scores on AI3 is related to the depth of implementation for some
SEPs.
AI8 was the highest scoring AI component, with a score of 17 out of a possible 18. All
participants, with the exception of Emma, provided an informed response, and Emma’s response
was a mixed response. AI8 deals with the importance of understanding that scientific explanations
are derived from scientific knowledge already known and data that are collected through
experimentation. Aspect of inquiry eight is related to SEP6, constructing explanations and
designing solutions. The NGSS matrix application for SEP6 requires students to construct
explanations and apply scientific knowledge to explain phenomena (NGSS, 2013). Both Ann and
Daisy incorporated SEP6 in their revised lesson plans. Constructing explanations is also a
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component of the CER process, and, as mentioned previously, Ann, Daisy, Frank, and Emma have
provided evidence of using CERs in their classrooms. Participant data confirm an informed
understanding of AI8 increases the depth of implementation of SEP6.
AI5 is another high scoring inquiry component, with a score of 16 out of 18. AI5 focuses
on the relationship between procedures involved in investigations and the influence those
procedures have on the results. Emma, Charles, Daisy, and Frank gave responses that resulted in
an informed score, and Ben’s and Emma’s responses resulted in a mixed score. AI5 relates to
SEP3, planning and carrying out investigations. Ann, Charles, Emma, and Frank used SEP3 in
their revised lesson plans, providing students with the opportunity to implement their own inquiry
procedure. Interestingly, Emma and Frank list SEP3 as the practice they found the most difficult
to implement. While they found the practice challenging, Emma and Frank were still willing to
implement it in their lesson plan with one activity. The activity Emma and Frank implemented,
finding the percent of sugar in gum, did not use any chemicals or glassware, so the safety
considerations and potential for injury was very low. It is unclear from their interview responses
if their perceived difficulty of implementation indicated that they used the practice reluctantly and
with less frequency or if they implemented the practice as frequently as others but are less than
confident in using it. Analysis of lesson plan reflections revealed that SEP3 was not used
frequently in Frank’s and Emma’s lesson plans.
Aspect of inquiry two was the lowest scoring AI with a score of 11 out of 18. Aspect of
inquiry two was related to the procedures used in investigations. The AI required an understanding
that all the steps of the scientific method do not need to be included in a scientific investigation.
The procedure of the investigation does not need to follow the order of the scientific method to be
valid. Ann and Ben were the only informed responses. Charles responded with a mixed

99

understanding, and Daisy, Emma, and Frank responded with answers that revealed a naïve
understanding of the inquiry aspect. Naïve responses from participants revealed that many have
views about inquiry that valid investigations must follow a specific design. VASI authors
comment on the reason for naïve views by stating, “even when not explicitly communicated,
school science often looks like the scientific method because of an over reliance on experimental
design” (Lederman, et al., 2014). It is unclear from participant comments if the experimental
design opportunities in the lesson plans presented have required rigid reliance on experimental
design or have given students freedom to choose their own design qualities.
Summary
While VASI scores are an effective method of showing a teacher’s understanding of
inquiry, scores may not indicate how well inquiry practices such as SEPs are integrated in a
teacher’s classroom. An analysis of lesson planning changes in addition to VASI gave a clearer
understanding of participants’ sensemaking of the SEPs.
Research Question III
How does participation in professional development influence changes in chemistry teachers’
lesson plan design to implement the Scientific and Engineering Practices?
DSU participants completed a lesson plan revision activity at the conclusion of the graduate
course. Each participant provided an original lesson plan showing how a lesson was previously
taught. After instruction, discussion, and practice using the SEPs as learners, participants revised
and updated the lesson plan with relevant SEPs. Participants wrote a commentary about the
original lesson plan, the revised lesson plan, and the incorporation of SEPs. The SEPs identified
in the initial and revised lesson plan are provided in Table 20 along with the level of
implementation as identified by the NSTA Matrix (Appendix J).
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Ann
For the purposes of the activity, Ann chose to revise her lesson for chemistry standards
SC1f: “Use the periodic table as a model to predict the relative properties of elements based on
patterns of electrons in the outermost energy level of atoms,” and SC1g: “Develop and use models,
including electron configuration of atoms and ions, to predict an element’s chemical properties”
(Georgia Chemistry, 2016; p. 2). Both standards indicated that SEP2, develop and use models,
should be incorporated in the lesson plan. A summary of Ann’s original and revised lesson plans
are outlined in Table 211. Ann’s original lesson plan sequence included direct instruction with
lecture and guided notes about periodic trends and effective nuclear charge. Then students
completed a guided inquiry activity where periodic properties were graphed then analyzed for
trends. The standard calls for students to develop and use models, but Ann’s lesson plan only
explicitly used SEP4, the practice of analyzing and interpreting data. SEP4 is used in a manner
outlined as appropriate for a six-eight grade practice of constructing graphs to identify
relationships (NSTA, 2013). The Periodic Table was used but not to the extent that its usage could
be considered modeling instruction. The Periodic Table was only used as a guide and reference in
the original lesson plan. The use of Periodic Table in the original lesson plan does not match the
NSTA SEPs criteria (NSTA, 2013).
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Table 20
Lesson Plan Revision Summary
SEPs
defined in
standard
SEP2

SEPs in
original
lesson plan
SEP4

SPS10a

SEP5

SEP5
SEP2
SEP6

SEP5
SEP2
SEP6

SEP5 is implemented
as defined by the SEP
Matrix but not the
GSE standard; SEP6
is implemented as
defined by the
Matrix;
SEP2 is not
implemented as
defined by the SEPs
Matrix

Charles

SC5a

SEP3

SEP5

SEP1
SEP3
SEP5
SEP6

All are implemented
as defined by the
Matrix

Daisy

SPS5c

SEP4

SEP4
SEP5

SEP2
SEP3
SEP4
SEP5
SEP6
SEP7

Implemented as
defined by the GSE
standard and the
SEPs Matrix

Emma
And
Frank

SC3c1

SEP3
SEP5

SEP5

SEP3
SEP5

SEP5 is implemented
as defined by the
GSE standard and the
Matrix; SEP3 is
implemented as
defined by the Matrix
but not as defined by
GSE

Participant Standard
Ann
SC1f
SC1g

Ben
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SEP in revised
lesson plan
SEP1
SEP2
SEP4
SEP6
SEP7
SEP8

Level of
Implementation in
Revised Plan
All are implemented
as defined by the
GSE standard and the
SEPs Matrix

Table 21
Summary of Ann’s Original and Revised Lesson Plans
Original Lesson Plan Components
Part One: Lecture and guided notes
about periodic trends and effective
nuclear charge

Revised Lesson Plan Components
Part One: Alkali metals in water demonstration
with guiding questions and Bohr models
Part Two: Light bulb demonstration

Part Two: Periodic Trends Guided
Inquiry

Part Three: Argument driven inquiry periodic
trends activity with CER
Part Four: Big data set trend activity
Part Five: Big data set presentation

Ann’s revised lesson plan incorporated the prescribed SEP2, developing and using models,
and several other SEPs were used in her revision. The revised lesson began with a demonstration
of adding alkali metals to water. Students were provided with a guided question sheet that required
them to make observations then produce a list of questions they had about their observations and
the reactions that occurred. The demonstration incorporated SEP1, ask questions and define
problems, by giving students opportunities to formulate and ask questions about their observations.
The NSTA Matrix states that students will “ask questions that arise from careful observation of
phenomena, or unexpected results, to clarify and/or seek additional information” (NSTA, 2013; p.
1). Ann’s guided question sheet allowed students to practice SEP1 as outlined.
The guided demonstration sheet then asked students to construct Bohr models of alkali
metals and use their models to compose an explanation of the reactions that they observed with
those alkali metals. The design of the guided question sheet gave students opportunities to use
SEP2, develop and use models. The NSTA Matrix (2013) states that students will “develop, revise,
and/or use a model based on evidence to illustrate and/or predict the relationships between systems
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or between components of a system” (p. 2). In Ann’s revised demonstration, students were using
Bohr models to explain the reactions of alkali metals in water, which was an appropriate
application of SEP2. Students were also incorporating SEP6, construct explanations and design
solutions, as they worked through the activity. The NSTA Matrix (2013) states that students in
grades nine through 12 will be able to “apply scientific reasoning, theory, and/or models to link
evidence to the claims to assess the extent to which the reasoning and data support the explanation
or conclusion” (p. 6). The demonstration used SEP6 as defined.
Part Two of Ann’s revised lesson included an additional demonstration using a light bulb,
clear glass, and frosted glass. Students were asked to discuss why different amounts of light were
observed passing through the two glass samples. Then students were asked to relate their
observations to the phenomenon of effective nuclear charge. Ann’s comments about the demo
stated “students are making observations with something concrete before relating it to something
abstract like effective nuclear charge.” Ann does not mention in her commentary or in her lesson
plan that the demonstration was a use of SEP2, develop and use models. The NSTA Matrix (2013)
states that students will be able to “develop, revise, and/or use a model based on evidence to
illustrate and/or predict the relationships between systems or between components of a system”
(p. 2). Ann incorporated the use of modeling as required by the matrix, but she did not explicitly
note its use in the lesson plan. The practice was used in the lesson plan design either without
recognizing its use or without explicitly stating the practice is part of the design.
Part Three of Ann’s revised lesson included an argument driven inquiry periodic trends
activity. The activity required students to read information about periodic trends, analyze trend
data, and relate the periodic trend to the arrangement of elements on the periodic table. Students
then used their data analysis to write a CER report of the trends identified in the activity. Time for
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a gallery walk was provided where students gave feedback to others’ claims. Then students used
their CERs and the information learned from the periodic trends activity to revise their
explanations and create a model of the original demonstration from Part One of the lesson. Ann
commented about Part Three of her lesson plan that
students must first obtain and evaluate information for the periodic trends and their
definitions (SEP8); students then analyze and interpret data in order to find patterns to help
understand periodic trends (SEP4); students must then construct explanations and
arguments as to how the elements are arranged on the periodic table using evidence from
the periodic trends data (SEP 6 & 7).
The NSTA Matrix (2013) for SEP8 states that students will “compare, integrate and
evaluate sources of information presented in different media or formats (e.g., visually,
quantitatively) as well as in words in order to address a scientific question or solve a problem” (p.
8). In Part Three of this lesson students were required to read about atomic mass, density, melting
point, specific heat capacity, and electronegativity then analyze data to determine which follows a
periodic trend, quasiperiodic trend, or no trend. The assignment matched the expectation of the
SEPs.
The NSTA Matrix (2013) for SEP4 states that students will “analyze data using tools,
technologies, and/or models (e.g., computational, mathematical) in order to make valid and reliable
scientific claims or determine an optimal design solution” (p. 4). In the activity, Ann’s students
used a digital spreadsheet program as an analysis tool. The students determined which data
presented were necessary for defining periodic trends, then used the data to support claims about
each trend. The SEPs was used in Ann’s lesson plan as defined by the NSTA Matrix (2013).
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SEP6, constructing explanations and designing solutions, requires students to “apply
scientific reasoning, theory, and/or models to link evidence to the claim to assess the extent to
which the reasoning and data support the explanation or conclusion” (NSTA, 2013, p. 6). Ann’s
revised lesson plan required students to construct a CER report of their analysis of periodic trend
data. The process of linking the evidence to a claim through a reasoning explanation matched the
practice as outlined by the matrix document.

The matrix for SEP7 requires students to

“respectfully provide and/or receive critiques on scientific arguments by proving reasoning and
evidence and challenging ideas and conclusions, responding thoughtfully to diverse perspectives,
and determining what additional information is required to resolve contradictions” (NSTA, 2013,
p. 7). Ann’s lesson plan stated that students will peer review each other’s’ CER reports. The
lesson plan did not define the extent of the critiques, and the total time allotted for the writing and
critiquing of CERs is 20 minutes of class time. It is unclear from the lesson plan or the commentary
written about if SEP7 is used to the full extent of the requirement.
Once students had provided feedback on peer CER reports, students were asked to revise
their explanation of the effective nuclear charge from the demonstration in Part Two of the lesson
plan by creating a model to explain the phenomenon. The SEPs Matrix for SEP2 requires students
to “develop, revise, and/or use a model based on evidence to illustrate and/or predict the
relationships between systems or between components of a system” (NSTA, 2013, p. 2). Ann’s
lesson plan stated that students made a model and revised their explanation of the phenomenon,
but she did not explicitly state that the SEPs was being used. The use of the SEPs matched the
requirements of the practice, but Ann either failed to mention it specifically or failed to recognize
that her lesson plan incorporated the practice of modeling.
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Part Four of the lesson plan required students to choose what Ann refers to as a “big data
set.” Students analyzed two properties of their choosing from the data sets for trends that were
used to design a “Periodic Table of non-elements.” Students arranged a minimum of 32 items then
justified their arrangements. According to Ann’s analysis,
Students will begin by asking questions in regards to the item of their choosing and patterns
or trends that may exist for the item (SEP1); students will develop a model periodic table
for their item that is comparable to the periodic table of elements by analyzing and
interpreting a big data set (SEP2 & 3); students will construct an explanation and provide
evidence as to why their arrangement is and is not comparable to the trends on the periodic
table of elements (SEP6 & 7); students will create a poster that communicates their findings
(SEP8).
The project is allotted 160 minutes which represented two full class periods at Ann’s school.
Based on Ann’s commentary, the component of SEP1 incorporated in Part Four of the
lesson required students to “ask questions that rise from careful observation of phenomena, or
unexpected results, to clarify and/or seek additional information” (NSTA, 2013; p. 1). The lesson
plan, lesson plan support materials, and Ann’s commentary were not specific enough, though, to
determine the extent to which SEP1 was being used. The lesson plan did incorporate the use of
SEP2 as defined by the matrix which requires students to “develop, revise, and/or use a model
based on evidence to illustrate and/or predict the relationships between systems or between
components of a system” (NSTA, 2013; p. 2). In the activity, students developed their own model
to show the relationships between data and justified the arrangement of their model to define those
relationships. The practice matched the expectation well.
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Ann incorrectly lists SEP3, planning and carrying out investigations, as being used, but her
commentary suggests that she intended to identify SEP4, analyzing and interpreting data, as the
practice in which students were engaged. The matrix states that students will “analyze data using
tools, technologies, and/or models (e.g., computational, mathematical) in order to make valid and
reliable scientific claims to determine an optimal design solution” (NSTA, 2013; p. 4). In Ann’s
lesson plan design, students arranged items in a periodic table fashion based on an analysis of the
data. The design of the lesson allowed students to practice using analysis and modeling skills in a
novel manner that successfully incorporated the SEPs.
Students used SEP6 to “apply scientific reasoning, theory, and/or models to link evidence
to the claims to assess the extent to which the reasoning and data support the explanation or
conclusion” (NSTA, 2013; p. 6) and SEP7 to “construct, use, and/or present an oral and written
argument or counter-arguments based on data and evidence” (NSTA, 2013; p. 7) when
constructing the Periodic Table of non-elements. The lesson plan support materials included a
detailed guideline provided to students that explained the expectations for their justifications of
their models and the written abstract they must provide. The use of the practice in Ann’s lesson
plan matched the expectation of the SEPs.
The final component of Ann’s lesson plan required students to communicate their findings.
SEP8 expects students to “communicate scientific and/or technical information or ideas (e.g. about
phenomena and/or the process of development and the design and performance of a proposed
process or system) in multiple formats (including orally, graphically, textually, and
mathematically)” (NSTA, 2013; p. 8). Ann’s students communicated their findings, reasoning,
and model explanations graphically and textually to meet the requirements of the assignment.
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The analysis of Ann’s revised lesson plan indicated that many science and engineering
practices had been added to the lesson plan. The standard addressed in Ann’s lesson included
SEP2, developing and using models. Her original lesson plan did not address the required SEPs
and only incorporated an additional SEPs to the extent expected in a middle school application.
After participating in professional development about the SEPs, Ann’s lesson plan not only
implemented the required SEPs but also included additional practices not specifically addressed
by the standard. Her use of SEPs was extensive, varied, and appropriate for the activities designed
for her students at the high school level. Her use of SEPs in each part of the lesson plan
demonstrated her increased understanding and sensemaking of the practices and the incorporation
of inquiry into the daily culture of her classroom. She did not always recognize the use of modeling
SEPs, but it is unclear if the omission is an oversight in her commentary or a lack of understanding
of the practice.
Ann also continued to add SEPs experiences for her students when designing and
implementing lesson plans.

During Ann’s interview, she talked extensively about inquiry

activities her students have completed as a result of her PD experiences. Her school-based PLC
work has led to giving students opportunities to use SEP7 and SEP4. “We’ve tried to do a lot more
of the CERs, having them communicate and create that argument type thing.” Her comments
about using a Claim, Evidence, Reasoning process indicated her students are practicing supporting
a claim using scientific evidence. “I had them derive some of the relationships. I gave them data
instead of giving them the conversions from Celsius to Kelvin…Then they figured out the
equation.” Ann’s students were given opportunities to analyze and interpret data due to lesson
designing with her school-based PLC. Ann also indicated she used activities and demonstrations
she experienced as a learner while participating in the graduate program at DSU.
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I take a lot of what we do in the classes, really the demos, the manipulatives, and that sort
of thing. I take stuff from the classes and share it with my team, and we try to put into the
classrooms.
During the interview Ann referenced specific activities completed at DSU that she has used with
her own students. “One that we did the summer was a lot with the molarity and the different
manipulatives there.” The analysis of Ann’s lesson plan and her interview comments indicated
she continued to modify her lesson plans to incorporate SEPs experiences for her students.
Ben
Ben chose to revise his lesson on physical science standard SPS10a: “Use mathematical
and computational thinking to support a claim regarding relationships among voltage, current, and
resistance” (Georgia Physical, 2016; p. 4). A summary of Ben’s original and revised lesson plans
are displayed in Table 22.

Table 22
Summary of Ben’s Lesson Plan Revisions
Original Lesson Plan Components
Part One: Lecture on Ohm’s Law

Revised Lesson Plan Components
Part One: Ohm’s Law digital simulation

Part Two: Ohm’s Law practice problems

Part Two: Lecture on Ohm’s Law

Part Three: Ohm’s Law graphing activity

Part Three: Ohm’s Law practice problems

Part Four: Ohm’s Law digital simulation

Part Four: Ohm’s Law graphing activity

Ben’s original lesson plan began with a lecture by the teacher using a digital presentation program.
Part One of the lesson plan expected students to take notes of the content presented by the teacher.
In Part Two of the lesson plan students completed 14 Ohm’s Law practice problems. Six of the
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problems provided a diagram with two quantities of Ohm’s Law given. Students calculated the
missing variable. Eight of the problems were word problems with one missing variable. Part
Three was a graphing activity. Students made scatterplots of provided voltage and current data
then answered questions about the graph. Part Four was an online simulation of Ohm’s law. The
simulation allowed one variable to be changed so that the change to the other two variables could
be observed. A worksheet for the simulation was provided to students to guide their investigation.
Ben revised the lesson plan by changing the order of the activities. The content, problems,
activities, and simulation worksheet were not changed, altered, updated, or revised in any way. In
the revised lesson, Ben began the lesson progression with the online simulation. In the lesson plan
revision commentary, Ben commented that the “simulation was put first to ensure that the lesson
was a true inquiry lesson” and that “placing simulations first allowed students to comprehend
variables on a microscopic level and how they relate to each other mathematically.” Ben’s
commentary, that inquiry was being used because the simulation was first, indicated a more naïve
view of inquiry than his VASI scores would suggest. Ben also commented that the simulation
gave students an opportunity to use computation skills: “learning progression begins with student
discovery of variable relationship via computation skills (simulation)”. He indicated that “math
skills were addressed with graphing and word problems that gave quantities and units when
students setup and solved problems using V=IR.”
The graphing, calculation, and simulation activities of Ben’s lesson plan did give students
opportunities to practice graphing and calculating skills and addressed SEP5, but not in the manner
defined by the standard. The GSE-Science standard expects students to support a claim about the
relationship between quantities in Ohm’s Law through mathematical and computational thinking
(Georgia Physical, 2016). The SEPs matrix states that students will “use mathematical,
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computational, and/or algorithmic representations of phenomena or design solutions to describe
and/or support claims and/or explanations” (NSTA, 2013; p. 5). Ben’s lesson plan did not address
the practice to the level expected of the GSE. Instead, SEP5 is addressed by expecting students to
“apply techniques of algebra and functions to represent and solve scientific and engineering
problems” (NSTA, 2013; p. 5). Students completed calculations and constructed graphs, but
students were not asked to support a claim or make an explanation. They were simply substituting
values for variables in the Ohm’s Law formula and calculating answers or using provided data to
construct a graph. The practice was addressed in the same manner in both the original and revised
lesson plans. Ben mentioned the use of modeling in his lesson plan commentary. He stated “comp
skills were address with computer simulation which modeled relationship between each variable”
as evidence for the use of SEP2 in his lesson plans. Analysis of the lesson plan, supporting
documents, and lesson plan commentary show no indication of modeling instruction as required
by the NGSS Matrix for secondary students. Based on Ben’s commentary, it appears that his use
of SEP2 fits more with the six through eight grade expectation of modeling that states students
will “develop and/or use a model to predict and/or describe phenomena” (NGSS, 2013, p. 2).
Ben’s lesson plan required students to engage in SEP6 in a limited manner by constructing an
explanation of the relationships between the variables in Ohm’s Law. The NGSS Matrix for SEP6
requires students to “make a quantitative and/or qualitative claim regarding the relationship
between dependent and independent variables” (NGSS, 2013, p.6). In Ben’s original lesson plan,
his students answered a journal entry question that asked them to describe the relationship between
voltage, resistance, and current. The journal entry was completed after the simulation. The lesson
plan also mentioned that a class discussion about Ohm’s Law occurred after journal entries were
completed. The journal entry requirement was removed in the revised lesson plan documents. It
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is unclear if the journal entry was omitted from the new lesson by mistake. Neither the lesson
commentary nor the lesson plan documentation mentioned if students were discussing their
explanations about Ohm’s Law during the class discussion that, according to the lesson plan, took
place after the completion of the simulation and journal entry. Ben’s limited use of secondary
level SEPs, inadequate implementation of the SEPs required by the GSE-Science standard and the
limited revision of the lesson plan indicated that participation in professional development about
the practices did not influence real change in his lesson planning.
While the university course may have caused little initial change in SEPs implementation
in Ben’s lesson planning, analysis of Ben’s interview indicated continued participation in PD did
cause changes. He discussed his plans to design lessons about current student interests such as
professional basketball or popular music using ADI and SEPs components. Ben also recognized
his own need for continued learning about the SEPs. “A lot of these things I thought I knew but I
did not.” Ben’s initial survey responses about his comfort level and ability to implement SEPs
indicated a high level of understanding while the analysis of his lesson plan indicated a more naïve
understanding. Ben’s interview comments indicated that he recognized his knowledge might not
have been as deep as he initially perceived, and he acknowledged a need for continued learning.
Ben did not make the connection between inquiry practices and inquiry teaching. While his VASI
score and his self-reported understanding of SEPs are high, his statement that using a simulation
first makes a lesson plan true inquiry suggested a disconnect in his understanding of designing
inquiry rich lesson plans for his students.
Charles
Charles’s lesson plan revision was demonstrated with SC5a which requires students to
“plan and carry out an investigation to calculate the amount of heat absorbed or released by
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chemical or physical processes” (Georgia Chemistry, 2016; p. 4). A summary of Charles’s lesson
plan components is displayed in Table 233.

Table 23
Summary of Charles’s Lesson Plan Revisions
Original Lesson Plan Components
Part One: Lecture on calorimetry and
specific heat with practice problems

Revised Lesson Plan Components
Part One: Lecture on calorimetry and
specific heat with demonstration, then
practice problems

Part Two: Coffee cup calorimetry lab
Part Two: Inquiry coffee cup calorimetry
lab

Part Three: Lab questions and calculations
in groups

Part Three: Lab questions and calculations
in groups

The original lesson plan included three parts. Part One was lecture with student notetaking
about calorimetry and specific heat followed by a worksheet of calorimetry problems. Part Two
was a traditional coffee cup calorimetry specific heat lab using metal samples. Part three provided
class time for students to work in lab groups to answer questions and solve calculations from the
previous lab activity.

The standard required that students plan and carry out an investigation,

which is SEP3. The original lesson plan did not include an opportunity for students to plan and
carry out the calorimetry investigation. Charles’s commentary indicated his original lesson plan
used SEP5. He states “I feel the most effective achievement was made with regard to the standard
of mathematical and computational thinking. This was probably the most important portion of the
SEPs shown in the original lesson plan.” Like Ben, Charles’s lesson plan includes practice
problems where students are substituting values for variables into a formula and calculating an
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answer. Calculations are performed, and algebraic process are involved as described in the SEPs
matrix for SEP5 (NSTA, 2013).
Charles made three main changes for the revised lesson plan. During the Part One lecture,
he added a demonstration to introduce the phenomenon of specific heat. He used two black blocks
of equal size, one made of metal and the other made of wood. An ice cube was placed on both.
Charles paused throughout his lecture to allow students to make observations and ask questions
about the two ice cubes. Although Charles did not specifically list it, his use of the demonstration
aligned to SEP1, which requires students to “ask questions that arise from careful observation of
phenomena, or unexpected results, to clarify and/or seek additional information” (NSTA, 2013; p.
1). It was unclear if the practice is omitted due to oversight or due to a lack of complete
understanding of the practice.
The second change for the revised lesson plan involved the coffee cup calorimetry lab.
Students were provided with materials and asked to design an experiment to determine the specific
heat of a metal sample. To incorporate the practice well, the SEPs matrix states that students will
“plan an investigation…to produce data to serve as the basis for evidence as part of building and
revising models, supporting explanations for phenomena, or testing solutions to problems” (NGSS,
2013; p. 3). The matrix also outlines students engage in SEP3 by “select[ing] appropriate tools to
collect, record, analyze, and evaluate data” (NSTA, 2013; p. 3). In Charles’s lesson plan he stated
“students design the experiment to do what needs to be done. Have materials out for them to use.
Most will come up with something similar.” His comments indicated students were using
materials provided without making judgments on their own about which tools should be used. His
comments also suggested that the same coffee cup calorimetry specific heat lab used in the original
lesson plan was performed but done in a way where the procedure was removed and students were
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expected to guess what to do to use the materials provided. Additional requirements for SEP3 to
be fulfilled include students revising models, supporting explanations, and forming hypotheses
based on the data collected during the student-planned investigation. It is unclear if Charles fully
implemented SEP3.
The third change in Charles’s lesson plan was revealed in the commentary about the post
lab discussion. In his commentary Charles explained the post lab discussion in a way that indicated
students were engaging in discussions using data collected during the investigation to support their
explanations about specific heat and calorimetry. The use of SEP6 was incorporated well during
the discussion and matched the expectation of the NGSS Matrix.
Charles’s revised lesson plan used SEP3 as required and also included SEP1, SEP5, and
SDP6. He does not specifically list SEP1, and it is possible that its omission was an oversight. It
is also possible that he did not recognize the introduction of the phenomenon demonstration and
the student discussion about it as the use of the practice. Charles made some changes to lesson
plan design to include SEPs as a result of professional development, but his SEPs usage is much
more limited than Ann or Daisy.
Analysis of Charles’s interview gave further insight into continued change in lesson
planning. Charles stated that “using mathematics and computational thinking is something I do
on a daily basis in chemistry.” His comments indicated that he gave students opportunities to
practice the algebraic manipulation of SEP5, but no other components of the practice were
addressed. When asked in the interview if he continued to add practices to existing lesson plans,
Charles responded with
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no, not at the moment. Time and number of courses taught have thrown that to the wind a
little bit. It was still something I would like to do, but I have not actively added that in.
Honestly, I don’t see myself adding actively anything else in for the next year and a half.

While Charles emphatically stated he was not adding the use of SEPs into his daily practice, when
asked about how his students respond to SEPs rich lessons, he spoke enthusiastically about inquiry
activities his students have completed. His comments indicated that he is using some SEPs in his
teaching, but the practices are not used extensively.
Daisy
For the purpose of the lesson plan revision activity, Daisy chose SPS7e which requires
students to “analyze and interpret specific heat data to justify the selection of a material for a
practical application (e.g., insulators and cooking vessels)” (Georgia Physical, 2016; p. 4).

A

summary of Daisy’s lesson plans is displayed in Table 24. No SEPs were specifically listed as
being used in the original lesson plan, but in Part Two of the lesson plan, students were engaging
in SEP5 and in Part Three, students were analyzing specific heat data, which would indicate the
use of SEP4. SEP4 is the practice linked to the standard, but the GSE-Science requires that
students analyze data to make choices about appropriate use of insulating and conducting materials
not about specific heat capacity. The practice was used but not as required by the GSE-Science.
Daisy commented about her original lesson plan and the inquiry practices used in it by saying:
students were provided with data tables, but they did not do anything with the data tables.
Students were provided with a model for heat transfer, but students did not have an
opportunity to display or show their understanding through this model. In this lesson set,
students were very passive in the learning.
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Daisy’s comments indicated she recognized the limitations of her original lesson plan. The
original lesson plan included a quiz where students were given two specific heat problems and
asked to solve for the missing variable using the Q=mcT formula. Daisy’s commentary stated
about the quiz “this formative assessment allows students’ mathematical thinking to be assessed
and monitored.” Daisy indicated that the quiz was aligned with SEP5, and like Ben and Charles,
the practice problem worksheet and quiz allowed students to apply algebra techniques in problem
solving (NGSS, 2013).
Table 24
Summary of Daisy’s Lesson Plan Revisions
Original Lesson Plan Components
Part One: Lecture on heat transfer

Revised Lesson Plan Components
Part One: Heat transfer activity

Part Two: Specific heat practice problems

Part Two: Specific heat practice problems
and graphing activity

Part Three: Specific heat of a metal lab
Part Three: Design a procedure to
determine the best insulator
Part Four: CER and argumentation session

Daisy revised the lesson plan to incorporate several SEPs. In Part One of the revised plan
students completed short activities that demonstrated convection, conduction, and radiation then
used their observations to create a model of each type of heat transfer. Students were using SEP2,
which requires students to “develop, revise, and/or use a model based on evidence to illustrate
and/or predict the relationships between systems or between components of a system” (NSTA,
2013; p. 2).
Part Two of the revised lesson plan included specific heat practice problems and a graphing
activity. The practice problems addressed SEP5 by requiring students to “apply techniques of
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algebra and functions to represent and solve scientific and engineering problems” (NSTA, 2013;
p. 5). The graphing activity also used SEP5. Students made a scatterplot of temperature versus
time data for four different substances, and then analyzed the graphs for heat transfer. Students
were using SEP5 in the graphing activity to “use mathematical, computational, and/or algorithmic
representations of phenomena or design solutions to describe and/or support claims and/or
explanations” (NSTA 2013; p. 5). The practice was well planned and implemented in the revised
lesson plan.
Part Three of the revised lesson plan began with the following prompt: Design an
investigation that will provide evidence to the following question: Which of the following cups is
the best insulator? Daisy’s revised lesson plan to incorporate SEP3 matched the SEPs Matrix,
requiring students to “plan an investigation…to produce data to serve as the basis for evidence as
part of building and revising models, supporting explanations for phenomena, or testing solutions
to problems” (NSTA, 2013; p. 3). Once students completed the data collection, the revised lesson
plan required them to write a CER. The CER allowed students to engage in SEP6 because they
were required to
construct and revise an explanation based on valid and reliable evidence obtained from a
variety of sources (including students’ own investigations, models, theories, simulations,
peer review) and the assumption that theories and laws that describe the natural world
operate today as they did in the past and will continue to do so in the future (NSTA, 2013;
p. 6).
The lesson plan continued with an opportunity for students to engage in argument from evidence
(SEP7). The lesson plan finished with a whole group discussion about the CERs from each group.
The practice required students to “respectfully provide and/or receive critiques on scientific
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arguments by probing reasoning and evidence and challenging ideas and conclusions, responding
thoughtfully to diverse perspectives, and determining what additional information is required to
resolve contradictions” (NSTA, 2013; p. 7). Daisy’s commentary about the argumentation
session gave insight to the use of the SEPs in her classroom. She stated that “the argument
discussion will also allow students to participate in a formatted, scientific argument which will be
new to students. Norms and rules will have to be provided to students before the discussion.” Her
commentary indicated the expectation of respectful discussion was established through norms
provided to students prior to the discussion.
Daisy’s revised lesson plan used many SEPs not a part of the standard. Her incorporation
of multiple SEPs, a change from her original lesson plan, indicated a change in the culture of her
class to include inquiry more regularly. The training received through the DSU and additional PD
changed the way she incorporates SEPs into her classroom practice. During the interview, Daisy
spoke candidly about the continued use of SEPs in her lesson plans. When asked about her current
lesson plan process, Daisy commented
Well, when I sit down and think about a lesson, [SEPs] are really in the forefront. I'm trying
to pick maybe from the standard but maybe another [practice] that would grasp the content.
I use [SEPs] as a guide when coming up with a lesson.
Daisy’s comment indicated her lesson planning practice focused on the use of SEPs in her teaching.
Emma and Frank
RHS participants met in weekly PLC sessions lasting approximately 25 minutes. The
purpose of the meetings was to design work for students that incorporates more SEPs usage. Emma
and Frank were teaching Chemistry unit SC3 during the research study. SC3 requires students to
“obtain, evaluate, and communicate information about how the Law of Conservation of Matter is
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used to determine chemical composition in compounds and chemical reactions” (Georgia
Chemistry, 2016; p. 3). The complete standard is included in Appendix E. Eleven total PLC
meetings from November 1 through January 31 were conducted for the SC3 unit of study. During
the PLC meetings, members discussed activities for the unit based on the GSE standards and how
activities could be modified or created to address the incorporation of SEPs. The unit plan
components discussed in the PLC meetings, along with the GSE standard and SEPs each activity
required are included in Table 255. While all components of SC3 were discussed, not all the
activities were implemented with students.
The school year prior to the study was the first year of implementation for the GSE-Science.
Conversations with Emma in a follow-up interview revealed that the chemistry PLC that year
chose not to follow the GSE-Science. Instead, the group followed the previous standards, GPSScience, which included content and inquiry standards in two separate groups. SEPs were not a
part of the discussion during PLCs, and content omitted in the GSE that was a part of the GPS was
included in instruction. The topics of balancing equations and stoichiometry would have included
SEP5 simply due to the nature of the content, but the inclusion of inquiry was, according to Emma,
not a prevailing goal of the group. Any addition of SEPs in lesson plans by RHS PLC participants
during the school year corresponding with the study would represent an increase in SEPs usage by
the participants.
The first activity of the unit was a types of chemical reactions and balancing chemical
equations activity. In the year prior to the study, the content was taught through lecture and
practice problems. The PLC updated the activity to add inquiry thinking by increasing the
complexity of the use of SEP5. The activity matched the NGSS Matrix where high school students
are expected to “use mathematical, computational, and/or algorithmic representations of
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phenomena or design solutions to describe and/or support claims and/or explanations” (NGSS,
2013, p.5). In the activity, students worked in groups to sort cards that included reaction type
names, actual reaction examples, general format equation examples, and balanced and unbalanced
chemical equations. A whole group discussion, note-taking about types of chemical reactions and
balancing chemical equations, and practice problems followed the card sorting activity.
Table 25
Summary of Emma’s and Frank’s Unit Plan Components
Activity
Number
1
2
3
4
5
6
7
8
9

Unit Plan Components
Types and Balancing Equations
Evidence for Chemical Reaction
Mole Calculations Escape Room
Mole Calculations Practice Problems
Mole Lab
Percent Composition
Empirical and Molecular Formulas
BCA Stoichiometry Problems
Limiting Reactants

GSE
Standard
SC3a
SC3b
SC3c3
SC3c3
SC3c3
SC3c1
SC3c2
SC3d
SC3e

SEP Required
SEP5
SEP3
SEP5
SEP5
SEP5
SEP5
SEP5
SEP5
SEP3

For Activity Two, the group discussed how an Evidence for Chemical Change lab could
be updated to more appropriately match the expected inclusion of SEP3, allowing students to
design and implement their own investigation to determine evidence for chemical change. In the
previous year, students completed an Evidence for Chemical Change lab with reactions involving
each of the four main evidences. The group discussed two activities as possibilities: the Mystery
Powder Lab and the traditional Evidence for Chemical Change lab. In the Mystery Powder Lab
students would be provided with four powders: salt, sugar, corn starch, and baking soda and three
different liquids: water, vinegar, and iodine solution. The discussion of the group was to include
SEP3, as required by the standard, to allow students to design and carry out their own investigation
to determine if chemical change was occurring.
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The group also discussed adding a CER

component, thus including SEP4 and SEP6, though neither was required by the standard. The
second option discussed was to use the original Evidence for Chemical Change lab but add a CER
component at the conclusion of the activity. Ultimately, no decision was made regarding which
option to choose, and as a result, neither activity was completed with students.
The content for Activity Three of the unit included calculating molar mass and completing
mole conversions. In the previous year, the content was taught using lecture, note-taking, and
practice problems. The group designed a guided inquiry Escape Room activity with built-in selfchecks for students to monitor their own progress. Students were given tasks and practice
problems to complete based on mole calculations and conversions. The activity involved using
dimensional analysis conversion cards with reciprocal fractions on the two sides of the cards.
Correct answers generated a code, and the code, if correct, opened a lock.

The activity

incorporated SEP5 as intended for high school students by the NGSS matrix. The matrix requires
students to “apply techniques of algebra and functions to represent and solve scientific and
engineering problems” (NGSS, 2013; p. 5) and to “apply ratios, rates, percentages, and unit
conversions in the context of complicated measurement problems” (NGSS, 2013; p. 5). The
activity fits the expectation of the SEPs as defined by the matrix well. After completing the mole
conversions escape room activity, students were provided with mole conversion practice problems
in Activity Four. The practice problems incorporated SEP5 in the same fashion as the problems
for the previous year, matching the NGSS Matrix (2013) by expecting students to “apply
techniques of algebra and functions to represent and solve scientific and engineering problems”
(p. 5).
Activity Five of the unit was a mole conversions lab. The lab was not included in the lesson
plan from the previous year. Students were asked to show mastery of the concepts of mole
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conversions by calculating the number of moles and molecules used when a candle was burned for
a specified amount of time and when their name was written with chalk and crayon. The activity
involved SEP5 and matched the matrix in the same manner as the mole conversion practice
problems.
Activity Six of the unit was a percent composition activity. In the previous year, percent
composition lessons included only a practice problem worksheet and a cookbook percent
composition lab. The original activities used SEP5 by requiring students to “apply techniques of
algebra and functions to represent and solve scientific and engineering problems” (NSTA, 2013;
p. 5). Emma and Frank, through conversations during their PLC meetings, redesigned the gum
lab so that students planned their own procedure. Students were asked to provide a brief procedure
and make determinations about the data needed to experimentally determine the percent of sugar
in a piece of chewing gum. The change to the lesson plan added SEP3, which expects students to
“plan an investigation…to produce data to serve as the basis for evidence as part of building and
revising models, supporting explanations for phenomena, or testing solutions to problems”
(NSTA, 2013; p. 3). Emma’s and Frank’s use of the updated percent of gum experience also
allowed for a deeper application of SEP5. The practice was used in two ways. Students were
asked to “use mathematical, computational, and/or algorithmic representations of phenomena or
design solutions to describe and/or support claims and/or explanations” and to “apply techniques
of algebra and functions to represent and solve scientific and engineering problems” (NSTA, 2013;
p. 5).
Activity Seven of the unit was an empirical and molecular formula activity. After taking
notes and working guided practice problems about empirical and molecular formulas, students
showed mastery of the topic by completing an Around the Room station activity. Students began
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at different stations. At each station, students were provided with an empirical or molecular
formula and the correct answer to a different problem. After completing the problem at the station,
students would travel around the room until they found the station containing the answer they
calculated at their first station. If the calculated answer was not found at any station, students
would know that they had made an error in their calculations, would return to the first station, and
rework the problem. The activity was designed to offer an immediate, self-check conformation to
students. The activity involved SEP5 and matched the matrix in the same manner as previous
activities, increasing the inquiry and novelty of their learning.
Activity Eight of the unit was Before-Change-After (BCA) stoichiometry problems. In the
previous year, stoichiometry was taught with a dimensional analysis method through lecture and
practice problems. Lecture, note-taking, and guided practice were part of the activity. The GSE
standard states, in a clarification statement, that the “emphasis is on the use of mole ratios to
compare quantities of reactants or products and on assessing students’ use of mathematical
thinking and not on memorization and rote application of problem-solving techniques” (Georgia
Chemistry, 2016; p.3). Stoichiometry with BCA calculations focuses on mole ratio thinking rather
than the dimensional analysis of traditional stoichiometry calculations. The use of BCA allowed
the RHS teachers to incorporate SEP5 as required by the matrix and the ratio thinking as required
by the standard. An example of a stoichiometry completed with traditional dimensional analysis
versus dimensional analysis is shown in Table 26.
Activity Nine of the unit is another activity discussed in PLC meetings then deleted from
instruction. The standard requires students incorporate SEP3 by planning and carrying out a
limiting reactant investigation. An activity requiring students to design an experiment to produce
two grams of a precipitate was discussed as a possible way to address the standard and the
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incorporation of SEP3, but the group did not complete the activity with students. Again, the
opportunity for students to design and implement their own investigation was required by the GSEScience yet not incorporated by the teachers into their actual work with students.
RHS participants completed a lesson plan reflection after the completion of three of the unit lesson
with students: percent composition of gum, mole conversions escape room, and mole lab.
Participant responses for a portion of the lesson plan reflections are displayed in Table 27

Table 26

Stoichiometry with Dimensional Analysis and Before-Change-After Tables
The Problem: What mass of silver chloride will be formed from the reaction of 150. g of iron
(II) chloride and excess silver nitrate?
FeCl2(aq) + 2 AgNO3(aq)  Fe(NO3)2(aq) + 2AgCl(s)
Traditional Dimensional Analysis
150. 𝑔 𝐹𝑒𝐶𝑙2
1 𝑚𝑜𝑙 𝐹𝑒𝐶𝑙2
2 𝑚𝑜𝑙 𝐴𝑔𝐶𝑙
143.32𝑔 𝐴𝑔𝐶𝑙
(
)𝑥(
)𝑥(
)𝑥(
) = 265. 𝑔 𝐴𝑔𝐶𝑙
1
162.20𝑔 𝐹𝑒𝐶𝑙2
1 𝑚𝑜𝑙 𝐹𝑒𝐶𝑙2
1 𝑚𝑜𝑙 𝐴𝑔𝐶𝑙
Before-Change-After Tables
150. 𝑔 𝐹𝑒𝐶𝑙2
1 𝑚𝑜𝑙 𝐹𝑒𝐶𝑙2
(
)𝑥(
) = 0.925 𝑚𝑜𝑙 𝐹𝑒𝐶𝑙2
1
162.20𝑔 𝐹𝑒𝐶𝑙2
FeCl2(aq)

+ 2 AgNO3(aq)

B

0.925 mol

Excess

C

-0.925 mol

A

0 mol

−

2𝑚𝑜𝑙
(0.925𝑚𝑜𝑙) = −1.85𝑚𝑜𝑙
1 𝑚𝑜𝑙
Excess

(



Fe(NO3)2(aq)

+ 2AgCl(s)

0 mol

0 mol

+0.925 mol

+1.85 mol

0.925 mol

1.85 mol

1.85 mol 𝐴𝑔𝐶𝑙
143.32𝑔 𝐴𝑔𝐶𝑙
)𝑥(
) = 265. 𝑔 𝐴𝑔𝐶𝑙
1
1 𝑚𝑜𝑙 𝐴𝑔𝐶𝑙
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Table 27
Lesson Plan Reflection Responses
Percent composition of
Mole Conversions Escape
Gum
room
Mole Lab
Question: How have you taught the lesson previously?
Emma

Students developed their
own lab with teacher
support

Mole NearPod, Guided
practice

Students used the mole
island as a guide to
support process of
conversion

Frank

I have done it as a lab
procedure

In the past I have
introduced the concept
with a lab and then done
practice

In the past I have
introduced the concept
with a lab and then done
practice

Question: What did you notice about your students during the lesson?
Emma

They really struggled with
this but with teacher
support they got there.

They need lots of practice.
Visual cards help

Having this visual really
helped the lower learners

Frank

They had trouble making a Engagement and self-work They were still shaky on
procedure and a data table
the math

Question: What changes might you make to improve this lesson if you were to use it again?
Emma

Scaffold the “plan and
carry out” for lower
learners

Scaffold to help lower
learners. The cards really
helped with this

Color code each step.

Frank

Give similar lessons to
frontload

Doing other escape rooms
beforehand to help with
pacing

I would like to build in
practice beforehand

Question: What do the student work samples show you about the lesson?
Emma

Students need more
practice planning their
own investigations

They need more practice
with 2-step conversions

Frank

They struggle writing their They will work for reward
own labs
till it isn’t there.
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After a lot of practice,
students do well on their
own.
They still have trouble
connecting work and ideas

Comments about the percent composition of gum lab revealed important information about
the depth to which SEP3 has been implemented in Emma’s and Frank’s lesson plans up to this
point in the semester. Emma’s comments about students struggling to plan and carry out an
investigation and that students need more practice with the SEPs indicated that the practice is
infrequently used. Frank’s comment of “they struggle writing their own labs” revealed the same
trend in his practice. Emma’s comments regarding the use of visuals and manipulatives when
working with SEP5 concepts in mole conversion activities was significant. She recognized the
importance of adding inquiry components to assist students in applying algebraic concepts in
chemistry problems. Both Emma and Frank were able to use the inquiry activities and the
application of SEP5 to reveal the need for additional practice in their students. It is also significant
to note that both participants stated that they would use the SEPs infused lessons again after some
minor modifications and consideration of the order of lesson activities. The activities used in the
unit were updated and/or modified from previously used activities. The involvement in the PLC
allowed the participating teachers to change their lesson plans to incorporate some SEPs usage for
practices that were comfortable for the teachers to use. Both Emma and Frank listed SEP5 as the
practice they use most in their classrooms. Analysis of their lesson planning process during PLC
revealed that they were able to redesign mathematical and computational thinking experiences so
that students were applying more inquiry practices to their calculations. Analysis also indicated
that while allowing students to implement student designed investigations is required by the
standard, the practice was not consistently applied. Emma and Frank both listed SEP3 as the
practice they struggle the most to implement, and even after discussion and planning in PLC
meetings had occurred, both were reluctant to use the practice.
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Additional RHS Findings
While the administration of RHS mandated pacing and common assessments as goals for
PLCs at the school, the chemistry PLC group also wanted to increase the inquiry practices of their
teaching by incorporating SEPs into their lesson plans. The PLC met eleven times over the
duration of the unit planning. Each PLC lasted approximately 25 minutes which represents over
four hours of meeting time. Only a small portion of that time was used on the incorporation of
SEPs. In the analysis of the meeting transcripts, ten discussion themes emerged: modifying
lessons, pacing, assessment and retesting, peer training, activity options, adding SEPs, equipment
and chemical availability, student progress, and surveying students. A table displaying the themes
and the number of PLC meetings where each theme was discussed is provided in Table 28.
Table 28
PLC Meeting Themes
Discussion Topic
Modifying Lessons
Pacing
Assessment/Retest
Peer Training
Activity Options
Adding SEPs
Equipment/Chemical Availability
Student Progress
Surveying Students

Number of PLC Meetings
11
10
9
9
7
6
5
3
2

Modifying activities for the current unit or for future use was discussed during all of the
meetings, yet only six of the meetings involved disucussions about adding SEPs to the lessons.
The group identified adding SEPs as a goal of their meetings, yet only about half of the meetings
actually involved discussions about inquiry and SEPs. During the first meeting of the unit, the
group discussed the SEPs that were explicitely stated in the GSE. Frank, when discussing how an
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investigation using SEP3 might be implemented, stated “they have to plan an investigation where
they have to figure out what the unknown is.” The discussion centered on how the activities could
be changed from the current cookbook nature to a more inquiry focused process. During one
meeting of the unit, the group discussed an activity allowing students to design their own procedure
to find the percent of baking soda in an efrovescent tablet, adding SEP3 to the lesson. Emma
mentioned why she might be more likely to implement SEP3 with this activity, stating, “they’re
more comfortable when they know ‘even if I screw up, I’m not going to be harmed.’ It makes me
feel better.” During the last meeting of the unit, the group discussed the SEPs that could be
incorporated into the next unit of study. Frank, in planning for SEPs in the upcoming unit
mentioned,
No, actually the Mentos and Diet Coke would be really good as a way to evaluate your
CER, if we do the whole CER, do the grading and then like a homework assignment. They
have to watch the clip of the MythBusters, go through it and reevaluate your claim in light
of this other information.

CER involving SEP7, modeling instruction using SEP2, and planning and carrying out
investigations which is SEP3 were all discussed as possible SEPs to be included in the next unit.
In all but one meeting the topic of pacing was discussed. Weekly pacing, with comments
such as “because we're doing mole conversions on Monday, Tuesday. We're doing percent
composition on Wednesday” from Emma were common discussions during the PLC meetings.
Changing and adjusting the pacing of the unit was also a common discussion point. Frank
comments, “that’s why I thought I could push it to Monday and Tuesday…because I know we’re
wanting to do the roundabout on Wedndsday” about adjusting his unit pacing to accommodate a
day when he was out. Unit and weekly pacing discussions were a predominant focus of the PLC
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meetings during the unit. The administrator mandated purpose of the PLC meetings of common
activities and pacing was evident in the instances where pacing was a part of the meeting.
In nine PLC meetings, assessment and retesting of content were discussed. When an
assessment would occur and the format of the test were common points of discussion. Emma
commented “that’s when the test is, the seventh and eighth” during a meeting where pacing was
also addressed.

How an assessment should be structured was also discussed, as evidenced by

Emma’s comment of “this is just so much math. I want to see their work.” Another administrator
mandated purpose of the PLC was to design and implement common assessments for all chemistry
students, and, and the goal was evident due to the number of discussions that occurred about
testing.
Other topics of discussion not part of the stated goals of the group included activity options
where participants were choosing which activity would have the most impact on instruction. The
availability of chemicals and equipment, including how the materials would be shared, and what
would need to be purchased to complete an activity was another theme of the PLC meetings.
Student progress, another administrator mandated goal for the PLC group was one of the least
discussed topics, along with the surveying of students. An analysis of the instances of discussion
themes reveals that while the group valued the increase of SEPs in their lesson plans enough to
make the inclusion a goal for the meetings, the majority of the meetings were spent discussing the
administration’s goals of pacing and assessment of students.
Summary
DSU participants Ann and Daisy made extensive SEPs revisions to their lesson plans as a
result of their varied PD experiences. Ben and Charles made less extensive revisions, but both
participants acknowledged the importance of SEPs and their need to continue to improve the use
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of SEPs in their teaching practice. RHS participants spent most of their time in PLC meetings
discussing topics other than implementing SEPs, but analysis of a lesson from the unit shows the
use of SEPs as discussed during one of the PLC meetings. Participation in PD does influence
lesson plan changes; some of those changes are extensive, some of the changes are small, but all
participants made some changes to include SEPs.
Large scale change in lesson planning and SEPs implementation is not easily accomplished
even with PD participation. Lesson planning for both groups of participants was content driven
rather than practice led, highlighting the focus of teachers on the coverage of content. Several
participants expressed opinions on why wide-scale changes in SEPs implementation may not be
occurring. In Ann’s opinion,
the SEPs are not being pushed. It’s like we have these new standards, and here are the new
pieces. That’s about it. It almost feels on the small scale. We know things are supposed
to be changing and we’re not changing.
Ann felt that teachers need “more training on how to do it. Examples [of SEPs lessons].” She was
unsure of how to make change happen. “I technically led a collaboration session last year. I have
no training outside of grad school on how to do this.” Ben had a similar opinion. “There needs to
be more professional development on it. I didn’t know that. I didn’t think [SEPs] were important
but they’re definitely a way to do science.”
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Chapter V: Implications
This chapter discusses the conclusions drawn with regards to the three research questions
of the study (1) How does professional development influence chemistry teachers’ sensemaking
of the Science and Engineering Practices? (2) How are chemistry teachers’ scores on the Views
About Scientific Inquiry instrument related to the degree to which Science and Engineering
Practices are implemented? and (3) How does participation in professional development influence
changes in chemistry teachers’ lesson plan design to implement the Scientific and Engineering
Practices? The chapter will also include how the propositions of the study and the rival
explanations, which are components of case study research, are related to the theoretical
generalizations made through the analysis of the data. Implications of the research and suggestions
for further research are also discussed.
Research Question I
How does professional development influence chemistry teachers’ sensemaking of the Science and
Engineering Practices?
Professional development (PD) is important for teachers to improve and refine their
practice, but the type of professional development received and the design qualities of the learning
objectives are critical. Allowing PD participants the opportunity to practice the Science and
Engineering Practices (SEPs) as learners is necessary for the sensemaking process whether in a
formal experience such as a specific SEPs course or an informal experience where a group of
teachers share SEPs-rich lessons that have been successful in their own classes. DSU participants
had multiple opportunities to engage in SEPs lessons during the DSU course; the structure of the
course involved participating in SEPs-rich activities during class meetings. DSU participants
responded in interview questions that they were able to make sense of the practices once they had
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completed lessons using them. Lesson plan revision data that showed changes in planning to
include the practices also provided evidence to the DSU participants. RHS participants and Daisy
mentioned an informal redelivery PD experience where participants spent an hour rotating through
stations with different SEPs-rich activities as an impactful learning experience.

Interview

comments about the experience provided evidence that experiential PD was an important
sensemaking process for the participants. Professional development that involves doing science
the way inquiry instruction will occur helps teachers make sense of the practice and then use them
with their own students. RHS and DSU participants cited examples during interviews that their
sensemaking was improved when they were able to participate in SEPs activities, and their lesson
plans, for the most part, showed an increase in the practices that were implemented.
Having a strong knowledge of content and an understanding of science teaching standards
are also important in sensemaking of the SEPs due to the format of the GSE-Science standards.
The GSE-Science are written in a way that establishes an appropriate practice for each content
standard. Teachers who had a strong background and understanding of the content were able to
make sense of the practices due to the type of inquiry embedded in each standard. Daisy, Ann,
and Emma earned degrees in a chemistry related field and Ben earned a degree in biology. Frank
and Charles have degrees unrelated to a science field. Daisy and Ann demonstrated strength in
content knowledge and pedagogical content knowledge (PCK) by the types of experiences outlined
in their lesson plan revisions. Both participants used the SEPs required by the content standard
then went above the requirement to add additional opportunities for students to engage in inquiry
practices. In their lesson plan commentaries and interviews, Daisy and Ann identified areas of the
content that students struggle to understand, and both designed an experience using a practice to
help increase student understanding. Emma, who has the fewest years of teaching experience,
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demonstrated a strong background in chemistry content, yet her lack of teaching experience could
have been a factor in her lower VASI scores and less evidence of PCK. Emma identified areas
where students struggle with understanding content. She was willing to implement group designed
SEPs-rich activities using SEP5 and SEP6. Many participants in the study commented that the
structure of the GSE-Science with the embedded inquiry practice was important in their
sensemaking process. Having a strong background in chemistry and strong PCK in chemistry
increased the sensemaking of the SEPs.
Collaboration with colleagues is also important, but it is necessary to establish the goal of
sensemaking of the SEPs as part of the norms of the collaboration. PLCs mandated by the school’s
administration with the main goal of common assessments and assignments or analysis of data
may not be the best type of collaboration for SEPs sensemaking. All the participants of the study
were members of a PLC in their schools in some fashion.

Participants who were involved in a

PLC where data analysis was the focus were less likely to include the PD as impactful in their
sensemaking process. Ben and Charles, who both indicated the focus of their PLC meetings were
data driven rather than focused on content, were less complementary about their PLC experience
and the usefulness of the PD. Taking on leadership roles in PD impacts the sensemaking process.
Both Daisy and Ann were PLC leaders and led PD experiences focusing on the use of SEPs for
their colleagues, and both Daisy and Ann added multiple SEPs experiences in lesson planning.
Sensemaking happens through PD, but careful consideration to the experiences of the PD must be
made to ensure teachers put their learning into practice.
Research Question II
How are chemistry teachers’ scores on the Views About Scientific Inquiry instrument related to
the degree to which SEPs are implemented?
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The SEPs are a guideline to increase the climate and culture of inquiry in a chemistry
classroom. It is important for chemistry teachers to understand the aspects of inquiry and the way
scientists do their work. The VASI instrument is a tool to identify strengths and weaknesses in
inquiry understanding. Inquiry understanding in teachers may not be manifested in the classroom,
though, and the study showed that having a moderately high VASI score may not indicate inquiry
teaching is happening in the lesson planning or in the classroom. Teachers in the study who had a
high VASI were generally more willing to make an effort to implement SEPs. Daisy and Ann
made the most changes to include more practices in their lesson plans, and the SEPs incorporated
extended beyond what was expected by the standard. Ann had the highest VASI score and Daisy
had a moderately high score. At the other extreme, Emma had the lowest score, but, again, Emma
has the fewest years of teaching experience. Analysis of her PLC work, when compared to her
PLC use from the previous year, did show an increase in the implementation of the SEPs. Emma
continues to work toward adding SEPs, which she revealed in a member-checking follow up
interview. She stated that she is continuing to add a minimum of one SEPs-rich activity to her
lesson plans for each unit of the GSE chemistry standards. Many factors are involved when
analyzing sensemaking, inquiry understanding, and lesson planning, and, while the VASI
instrument provides insight to a teacher’s sensemaking about the SEPs, the tool may not be the
best indicator of depth of SEPs implementation.
Research Question III
How does participation in professional development influence changes in chemistry teachers’
lesson plan design to implement the Scientific and Engineering Practices?
Participating in PD about the SEPs influenced change in lesson plans of all participants to
varying degrees.

SEPs specific learning can give more robust instances of inquiry in the

136

classroom, as evidenced by the extensive incorporation of SEPs in Ann’s and Daisy’s lesson plans.
Ann and Daisy added more SEPs-rich activities than any other participants in the study. Ben added
the fewest SEPs to his lesson plan, and in reality, did nothing different except change the order of
the activities. His lesson plan revision and his comments could indicate that he has a lack of
understanding of what inquiry experiences should look like for his students. Charles, Frank, and
Emma made changes to their lessons to include SEPs but to a lesser degree than Ann and Daisy.
Charles indicated that the main factor in his lower instance of SEPs usage was due to the time
needed to plan for the implementation of the SEPs-rich lesson. Emma and Frank added some
usage of SEPs but only those practices where they felt comfortable and confident in using them.
SEP3, planning and carrying out an investigation, was required for the unit Frank and Emma were
planning during the study, but the practice was not used as expected by the standard. In a memberchecking follow up interview, Emma stated that she felt the reasons she generally omitted SEP3
from her teaching practice was due to the class time needed to complete an activity and the
reluctance to give control of the experience to the students. She stated that she was uncomfortable
taking on a facilitator role in her classroom. Young teachers especially need experiences not only
to improve teaching practices such as classroom management but also in developing PCK and
higher inquiry understanding. Emma was an example of a young teacher developing PCK.
Professional development about the SEPs cause sensemaking of the SEPs. It is that
sensemaking that made the impact in lesson plan changes. Teachers who had made sense of the
practices were more willing to implement them, as evidenced by Ann’s and Daisy’s lesson plans.
Again, the structure and experiences of the PD are important, and teachers must be participants to
be able to construct their knowledge about the SEPs to a depth that allows for long lasting change.
Obtaining a certain comfort level with each practice was revealed by the participants to be
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important in the practices each added to the lesson plans. CERs and the incorporation of SEP6
was mentioned by participants and shown in their lesson planning.

Mathematics and

computational thinking of SEP5 was also mentioned and used in lesson planning. Doing activities
with SEPs, then discussing the design qualities of the lessons in the social setting of the DSU
course increased the comfort level of using some of the practices; Daisy mentioned that modeling
instruction was difficult for her until she participated in the activities completed during the course.
Reluctance to implement a practice, SEP3 in particular, provides additional evidence that PD
experiences should provide participants opportunities to become more practice and time to become
more comfortable with a specific practice.

Allowing students opportunities to design and

implement their own investigation is difficult to do in a traditional 50-minute class period; Emma
and Daisy both mentioned in a member-checking follow-up interview that the time involved in the
practice is prohibitive.
Analytical Generalizations and Rival Explanations
A component of case study research is analytical generalities about the study. Case studies
allow researchers to tie theoretical propositions with collected data to lead to analytical
generalizations (Yin, 2014). The propositions of the study were: (1) Participating in professional
development about SEPs will increase both teachers’ sensemaking of the SEPs and the use and
implementation of SEPs in lesson plans. (2) Teachers who have a deeper understanding of
scientific inquiry will implement SEPs in their lessons to a greater degree. (3) If teachers have
made sense of the SEPs, their lesson plans will reflect their sensemaking by the extensive inclusion
of SEPs indicating the inquiry climate and culture of their classrooms.
The interpretation of the findings of the study was organized into four themes. (1) Teachers
in SEPs-specific PD were able to make sense of the SEPs and plan for inquiry activities with
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students that incorporate SEPs. (2) A PLC alone, especially a newly formed PLC, may not be
enough PD to implement SEPs when other goals for the group exist or are mandated. (3)
Sensemaking is evident in lesson plans. (4) Understanding aspects of inquiry may not be an
indication of inquiry teaching practices.
For the most part, teachers in the study increased their use of SEPs. Their PD experiences
were about SEPs, and the use of SEPs increased. Some increased more than others, but most, with
the exception of Ben, showed an increase in SEPs in their lesson plans. RHS teachers increased
the inquiry of the mathematics and computational thinking of mole conversions and chemical
equation balancing. They taught stoichiometry with BCA instead of dimensional analysis,
increasing the inquiry thinking of ratios and proportions. Most participants spoke candidly about
the use of CERs in their teaching practice and how the practice increased their student’s ability to
analyze data and support claims. The participants listed the PD of the study, the course for the
DSU participants and the PLC for the RHS participants, as the greatest impact on their
sensemaking. Not all participants had the opportunity to enroll in a graduate-level course, but all
graduate course participants speak about the benefit of sustain PD specific to SEPs.
A PLC is a great way to plan for, pace, and design assessments for content. PLCs, while
being a less expensive PD option, may not be enough to cause deep and lasting understanding and
implementation of new programs especially when the goals of the group do not match the goals of
the administration. All the participants were involved in a PLC in some fashion in their schools.
Ben’s PLC focused only on data analysis. His comments provided evidence that his PLC did not
influence his sensemaking of the SEPs due to the data analysis focus rather than a focus on
standards and lesson planning. Charles only met in a PLC with the entire science department. His
comments about his PLC experience provided evidence that his sensemaking of the practices was
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not influenced by the meetings. He is the only chemistry teacher at his school, and as a result, the
opportunity to collaborate about chemistry activities is limited to interactions and coursework at
DSU. Ann, Frank, Daisy, and Emma were in content specific PLCs, and Ann and Daisy were the
leaders of their groups. The four participants who mentioned that their PLC group had goals
related to SEPs also mentioned that the PLC influenced their sensemaking. The research showed
that, while the participants in the RHS PLC had a group goal of planning for SEPs, their PLC time
was spent more on meeting the administration’s goal of common activities and common
assessments. The PLC impact is important, though, and should not be discounted as a way to
support teacher growth.
Sensemaking shows up in lesson plans. Ann and Daisy planned for inquiry. They
demonstrated an understanding of the SEPs as evidenced by their planning and interview
comments about activities they have used with their students since the PD experience. Emma,
Frank and Charles were working on it. Their lesson plans provided evidence that they increased
their usage of SEPs from previous lesson plans, but they did not demonstrate the depth of
understanding that Ann and Daisy displayed due to the fewer instances of SEPs. Emma, Frank,
and Charles limited their SEPs use to those practices required in the standard and the practices
they were most comfortable using, according to interview comments. Ben, in his lesson plan,
showed a disconnect in his sensemaking of the SEPs and understanding of classroom inquiry
practices. Further reflection and conversation with Ben revealed that he recognized the importance
of SEPs in science education and was committed to improving his practice. While the PD did not
influence great, immediate change with Ben, he was improving, according to his interview.
The Views About Scientific Inquiry (VASI) instrument revealed understanding about the
aspects of inquiry (AI) among participants. Strong scores and deep understanding of the AI were
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proposed to indicate more usage of SEPs in lesson planning, and, conversely, lower scores and
surface understanding of the AI were proposed to indicate fewer instances of SEPs in lesson
planning. The participant with the highest score, Ann, did have the most significant increase in
the use of SEPs in lesson planning, but three of the participants with high transitional scores, Ben,
Frank, and Charles, had fewer instances of SEPs usage than their VASI scores would indicate. A
better understanding of the data was revealed by examining the AI with naïve scores and the AI
with informed scores. The SEPs incorporated into lesson plans and the types of SEPs activities
used, Claim-Evidence-Reasoning (CER) particularly, corresponded with the AI where participants
gave informed responses.
Exploring the rival explanations of the study is important to case study research (Yin,
2014). The commingled rival explanation of the study was that a different PD experience would
cause greater change in the sensemaking and use of the SEPs than the PD experiences involved in
the research study.

Sensemaking was identified through verifying the depth of SEPs

implementation in lesson plans. Use of SEPs in the rival explanation was identified as a continuum
from no use of SEPs to extensive use of SEPs in lesson plans. It was expected that teachers would
move from the current level of SEPs implementation to a higher degree of implementation due to
the impact of the PD. The rival explanations expected that other, additional PD would occur just
before, during, or after the lesson plan but before the participants were interviewed, and that
commingled PD experience would cause the change in lesson planning. The commingled rival
explanation was dealt with through the survey at the beginning of the study and the interview at
the end of the study. At the beginning of the study, participants were asked to identify their PD
experiences. During the interview the participants were asked to identify the PD experience that
had the greatest impact on their sensemaking. DSU participants all commented that the greatest
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influence on their SEPs sensemaking was the course taken during the study. RHS participants
listed two PD experiences as being the most influential: their PLC group meetings and the handson, experiential SEPs training given by Daisy and other colleagues. The DSU and the RHS
participants’ comments confirm the research supported idea that PD for teachers causes greater
change when it is inquiry and experiential based.
Limitations of the Study
Identifying the limitations of the study is an important process to ensure the transferability
of the results. With the exception of the PLC meeting transcripts, the data used in the study was
self-reported data. An attempt was made to triangulate the data by using multiple sources, but
verification of the self-reported responses was not possible.

Another limitation was the

assignments completed for the DSU course. The graduate students were completing the lesson
plan revisions as an assignment. Like any student in any class, some could have been motivated
by the grade achieved and, therefore could have embellished details to improve the perception of
teacher quality. Some could have completed the assignments with an attitude of doing enough to
earn a passing score on the assignment.
There was no common lesson plan format. The DSU participants completed the lesson
plan and lesson plan revision assignment using a format required by the professor, but the lesson
plans of the RHS participants were not formally written in any way. The administration of RHS
only requires a lesson plan to be included for the class period where evaluation observations occur.
Formal lesson plans, as a result, are only done two times each year. The analysis of the lesson
plan data was limited by the lack of commonality among the samples. No student work samples
were used to verify lesson plans or if the lessons that were implemented matched the degree of
implementation expressed in the lesson plan.
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The members of the RHS PLC group were assigned to the group by their principal based
on teaching assignment, and participation was an expectation and part of the teachers’ evaluation
process. Also, the administration determined the goals of the course, and those goals were intended
to make sure pacing and assessment were common among all teachers in a particular content area.
The conversations during interviews about what the participants did or do in their classrooms may
not have matched what actually occurred or continued to happen in their teaching practices. No
classroom observations were made to verify if the practices the teachers claimed to use in their
lesson plans, interviews, and surveys were actually implemented. The claims made by participants
may not equal what actually happens. The survey at the beginning did not verify an accurate
number of years of teaching experience. The data analysis would have been robust if the actual
number of years rather than a range of years had been reported.
Researcher comments
As a member of the RHS PLC and a participant-observer of the study, I have a unique
perspective of the workings of the PLC group. Emma, Frank, and I had been working together as
a PLC since August, and the format of our meetings that were recorded for the use during the study
were not different from the way we met during PLC meetings throughout the school year. My
presence in the PLC meetings had been established since the beginning of the school year. The
interviews with Emma and Frank, however, would have more opportunity to be skewed. Part of
the interview process was to identify the impact of the PD on the study, and for Emma and Frank,
that PD was the RHS PLC. It is possible that both exaggerated the impact the PLC group had on
their sensemaking of the SEPs since I was a member of the group, and I asked them to comment
on the impact the PLC had on their practice.
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There are other instances of personal bias that I attempted to control. I have extremely
high expectations for myself in the quality of my work both as a student and as an educator. I
expect others to have the same personal commitment to achievement and the same work ethic. I
am often disappointed when I find that others do not work as hard as I do or do not have the same
commitment. I expected the graduate students in the study to complete the lesson plan revisions
like I would have, and I was disappointed to realize that perhaps one or two completed the lesson
plan revision with enough detail to satisfy the requirements of the assignment rather than as
something that could be a useful tool in their upcoming teaching assignments.
I am also a graduate student at DSU in the same program as the DSU participants in the
study. I am further along in the program, but I am familiar with their courses, their professors, and
the requirements they will need to complete to finish the course. It is possible that the DSU
students agreed to participate in the study because of their involvement in the program.
Relationship of findings to previous literature
Findings in previous research have shown that less than half of practicing chemistry
teachers hold a degree in chemistry (Rushton, et al., 2014). Of the six participants in the study,
only one had a chemistry degree and two held a chemistry related degree. Research by Greenleaf,
Litman, & Marple (2018) found that long-term change in lesson planning and teaching planning
occurred with PD that focused on an experiential inquiry model. Dare, Ellis, & Roehrig (2014)
found that PD for science teachers should mimic the experiences their students will be expected to
have. Their study also commented on the importance of time for reflection for implementation of
new standards. Teachers in this research study listed PD that allowed them to participate in and
observe SEPs lessons as having the greatest impact on their sensemaking of the SEPs. Active
participation continues to be a research supported component of quality and lasting PD. Time was
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also an important factor for SEPs sensemaking to teachers in this study. The data analysis of the
Allen and Penuel (2015) study concluded that PD for the implementation of new standards
required collaboration among teachers. A theme for sensemaking of the teachers in this study was
collaboration with colleagues. Finally, a study by Friedrichsen and Barnett (2018) showed the
impact of a mature, long-term PLC. In their study, teachers in the PLC had established roles and
responsibilities, and others in the group recognized those roles due to the length of time the group
had been working as a functioning PLC. In this study, the RHS PLC group was a newly formed
collaboration. Analysis of the group meetings revealed that the level of cohesive collaboration
achieved by the members of the Friedrichsen and Barnett study had not been achieved yet due to
the newness of the group.
Implications for future practice in local context
Professional development is important, and districts must keep offering growth
opportunities for teachers, especially when new standards are implemented. Districts must
continue to offer sustained PD, but teachers must be involved in the learning. Sit-and-get,
facilitator led PD may not give teachers the opportunities to practice using and thus internalizing
the training. Teachers need time for collaboration, reflection, and sensemaking. PD experiences
must build in time for those qualities to be implemented. Giving teachers leadership roles with
colleagues increases sensemaking, and sharing examples of successful lessons then working
together to improve less than successful lessons is also important for continued improvement.
District mandated PD should focus less on data analysis and common assessments and more on
teacher support and growth and improvement of practice. This study shows that an effective PD
experience for science teachers would allow teachers to engage in content as learners. Examples
of exemplary lessons would be provided then completed just as their students would. Time would
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be allowed for revision of those lessons to meet their own personal teaching style. Collaboration
with colleagues about the lessons should also be included.
Implications for future research
This study focuses on the SEPs specifically instead of the full three-dimensional focus of
the NGSS. The study is important because many states have not adopted the full NGSS but a
modified version that uses components such as SEPs from the NGSS and maintain the content as
written by the state. In repeating the study, collecting student work samples would strengthen the
conclusions since implementation of the lesson plan components could be verified. Continued
research about the use of SEPs, how teachers are implementing SEPs, and the development of
SEPs-rich activities is important. Future research about student engagement in lessons including
SEPs should also be conducted. The impact of Master’s, Specialist, and Doctoral degrees and
degree programs on teacher quality would be beneficial, as many, focused on the economic impact
of higher degrees, report that no significant difference can be found. Additionally, studies about
development of assessments that include the SEPs is necessary. Another interesting study would
further explore the relationship between Claim-Evidence-Reasoning (CER) and the Aspects of
Inquiry.
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Appendices
Appendix A
Consent Forms

ONLINE SURVEY CONSENT FORM
Title of Research Study: Making Sense of Practices: Professional Development, Inquiry, and
Science and Engineering Practices
Researcher's Contact Information:
Michelle Head
Assistant Professor of Chemistry
Kennesaw State University
Mdean28@kennesaw.edu

Alecia Hagberg
Doctoral Student
Kennesaw State University
abowlin@kennesaw.edu

Introduction
You are being invited to take part in a research study conducted by Michelle Head and Alecia
Hagberg of Kennesaw State University. You are being asked to participate because you meet the
inclusion criteria of the study: chemistry teacher in the school district being studied. Before you
decide to participate in this study, you should read this form and ask questions about anything that
you do not understand. Your participation is voluntary, and you may withdraw your consent to
participate at any time without penalty.
Description of Project
The purpose of this study is to investigate how teachers across different grade levels implement
the Science and Engineering practices in general. The education background of teachers, impact
of teacher professional development, how Science and Engineering Practice instruction is
presented to students, and teachers’ views on the nature of science will be investigated.
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Explanation of Procedures
The study includes an online survey about your educational and teaching background, your
experience with the Science and Engineering Practices, and your views on the nature of science.
The survey should take 30 - 45 minutes.
The study also includes an interview, which will take no longer than an hour, about your
implementation of the Scientific and Engineering Practices. The interview should take about one
hour and will be conducted at your school. The interview will be audiotaped, and the audio file
and any other data collected during the interview will be stored electronically on Kennesaw State
University’s OneDrive secure server.
Artifacts such as lesson plans and other teaching materials will be scanned at stored on Kennesaw
State University’s OneDrive secure server. Participant consent forms, will be kept in a locked
filing drawer in the researcher’s desk. All data will be kept for the required three-year post research
time period and will be destroyed after May, 2022.
Time Required
Your participation in this study will require the completion of an online survey, submission of
teaching artifacts (lesson plans, student handouts, etc.), and participation in a face-to-face
interview. The online survey should take 30 – 45 minutes. The interview should take about one
hour. It is anticipated that collectively this study will not require more than three hours of your
time over the period of a few months.
Risks or Discomforts
There are no known risks or discomforts to participating in the study other than what would
normally be experienced on a daily basis as part of your job responsibilities.
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Benefits
There are no incentives for participating in the study, but your participation will allow you to
highlight the great work you do in your class, take a closer look at the Science and Engineering
Practices, and to reflect on their impact in your instruction and your students’ engagement. Your
participation will benefit the district in evaluating the professional development offerings about
the Science and Engineering Practices and what additional professional development would be
helpful in improving science instruction across the school district. Your participation will also
benefit the scientific community by adding to the literature about the way in which teachers
make sense of and implement new standards and practice and how teachers can be better
supported when such changes are required.
Compensation (if applicable)
There will be no compensation associated with participation in the study.
Confidentiality
The results of this participation will be confidential for you. Neither your name nor any
identifying characteristics will be used in the study, and you will be assigned a pseudonym for
reference. Your survey information and interview will be designated by your pseudonym only
Inclusion Criteria for Participation
You must be 18 years of age or older to participate in the survey and interview. Additional
criteria for inclusion in the study include: be employed as a teacher in Rose Public Schools
(pseudonym) and currently teaching chemistry at the high school level.
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Use of Online Survey
You IP address will not be collected. The survey will be conducted using Qualtrix, an online
survey site. The data from the survey will kept on the Kennesaw State University OneDrive
secure server.
Signed Consent
I agree and give my consent to participate in this research project. I understand that participation
is voluntary and that I may withdraw my consent at any time without penalty.

__________________________________________________
Signature of Participant or Authorized Representative, Date

___________________________________________________
Signature of Investigator, Date
____________________________________________________________________________

PLEASE SIGN BOTH COPIES OF THIS FORM, KEEP ONE AND RETURN THE OTHER
TO THE INVESTIGATOR
Research at Kennesaw State University that involves human participants is carried out under the
oversight of an Institutional Review Board. Questions or problems regarding these activities
should be addressed to the Institutional Review Board, Kennesaw State University, 585 Cobb
Avenue, KH3403, Kennesaw, GA 30144-5591, (470) 578-2268.
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SIGNED CONSENT FORM
Title of Research Study: Investigating the influence of a course designed to build teacher’s
PCK of the Science and Engineering Practices (SEPs)
Researcher's Contact Information: Michelle Head, Associate Professor of Chemistry, 470578-3677
Introduction
You are being invited to take part in a research study conducted by Dr. Michelle Head of
Kennesaw State University. Before you decide to participate in this study, you should read this
form and ask questions about anything that you do not understand.
Description of Project
The purpose of this study is to investigate how CHEM 7900- Science and Engineering practices,
a course designed to teach current teachers pedagogical content knowledge (PCK) related to the
K-12 Framework Science and Engineering Practices (SEPs), influences the teachers views of
scientific inquiry and science classroom teaching practices.
Explanation of Procedures
This study will utilize the assignments of the CHEM 7900 course. Therefore, completion of all
the course assignment will allow you to be eligible to participate in this research study.
Time Required
No additional time is required outside of the assigned tasks in CHEM 7900. It is expected that
this hybrid course assignments should take you about 8-10 hours per week to complete.
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Risks or Discomforts
This study utilizes the assignments given under normal classroom conditions, and therefore there
are no expected discomforts.
Benefits
The benefits of this study will directly influence how you think about your classroom science
teaching. It will also aid is allowing for a better understanding of effective ways to address PCK
as it relates to the SEPs. Overall the result of study will aid at improving the quality of science
instruction.
Confidentiality
The results of this participation will be confidential. All data will be collected from work that
has been submitted to the D2L course page. Assignments may be download from D2L. When
downloaded all student names will be replaced with a coded pseudonym. Data will be presented
in aggregate form when possible or using the coded name.
Inclusion Criteria for Participation
All students enrolled in CHEM 7900 during Summer 2018 will be invited to participate in this
study.
Signed Consent
I agree and give my consent to participate in this research project. I understand that participation
is voluntary and that I may withdraw my consent at any time without penalty.
_______________________________________ ______________________________
Name of Participant (Print)

Signature of Participant, Date

_____________________
Signature of Investigator, Date
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_____________________________________________________________

PLEASE SIGN BOTH COPIES OF THIS FORM, KEEP ONE AND RETURN THE OTHER
TO THE INVESTIGATOR

Research at Kennesaw State University that involves human participants is carried out under the
oversight of an Institutional Review Board. Questions or problems regarding these activities
should be addressed to the Institutional Review Board, Kennesaw State University, 585 Cobb
Avenue, KH3403, Kennesaw, GA 30144-5591, (470) 578-2268.
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Appendix B
Electronic Survey

The following questions will ask you about your Undergraduate Education
1. What was your undergraduate major?
2. Did you earn a minor while completing the above degree? (If yes, then show questions
below.)
a. What minor did you earn?
3. Did you earn endorsements while completing the above degree? (If yes, show questions
below.)
a. What endorsements did you earn?
4. What year was your degree awarded?
5. Did you complete a teacher education program as part of your undergraduate degree? (If
“No” show question below.)
a. Through which certification program did you obtain your certificate?
6. How many courses of each of the following did you complete in your undergraduate
program? It’s not necessary to pull up your transcript; just give your best estimate.
Remember, a minor in a subject typically requires 4 -6 courses and a major typically
requires 9 – 12 courses (Answer choices will include: zero, 1 or 2, 3 or 4, 5 or 6, 7 or more)
a. Biology
b. Physics
c. Chemistry
d. Environmental science
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e. Earth and space science
f. Math
7. Do you have a Master’s Degree? (If yes, show questions below)
a. What Master’s degree have you earned?
b. What year was your Master’s Degree awarded?
8. Have you earned any other advanced degrees? (If yes, show questions below)
a. Do you have an EdS Degree?
i. What year was your EdS awarded?
b. Do you have an EdD or PhD Degree?
i. What was the title/topic of your dissertation?
ii. What year was your EdD/PhD awarded?
c. Are you or have you been National Board Certified?
i. What are/were the years of your certification?

Tell us about your teaching experience (Each question will include the following response options:
0 years, 1 – 3 years, 4 – 6 years, 7 – 10 years, 11 – 15 years, 15 – 20 years, 21 – 25 years, 26 – 30
years, more than 30 years)
1.
2.
3.
4.
5.

How many years of teaching experience do you have?
How many years of experience do you have teaching high school?
How many years of experience do you have teaching middle school?
How many years of experience do you have teaching elementary school?
How many years of experience do you have teaching each of the following?
a. College Prep or Grade Level Biology
b. College Prep or Grade Level Physics
c. College Prep or Grade Level Chemistry
d. College Prep or Grade Level Environmental science
e. College Prep or Grade Level Earth and space science
f. College Prep or Grade Level Math
6. Do you have experience teaching Honors or Advanced level science or math courses? (if
yes, then the following will appear)
How many years of experience do you have teaching each of the following?
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a. Honors or Advanced Biology
b. Honors or Advanced Physics
c. Honors or Advanced Chemistry
d. Honors or Advanced Environmental science
e. Honors or Advanced Earth and space science
f. Honors or Advanced Math
7. Do you have experience teaching AP or IB level science or math courses? (if yes, then the
following will appear)
a. AP or IB Biology
b. AP or IB Physics
c. AP or IB Chemistry
d. AP or IB Environmental science
e. AP or IB Math
Tell us about your recent professional development experiences.
1. In the past year, how frequently do you attend professional development
workshops/conferences?
a.
b.
c.
d.
e.
f.

I did not attend any professional development experiences during the past year
Once during the past year
Twice during the past year
Three times during the past year
Four times during the past year
Five or more times during the past year

2. (If attendance to one or more) Describe the type of professional development/conferences
that you have attended

3. Please list the topics that were the focus of the professional development experiences that
you attended during the past year.

Tell us about your familiarity with the Scientific and Engineering practices in the Framework. As
a reminder, the Scientific and Engineering Practices are listed below.
a. Ask Questions and Define Problems
b. Develop and Use Models
c. Plan and Carry Out Investigations
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d.
e.
f.
g.
h.

Analyze and Interpret Data
Use Mathematics and Computational Thinking
Construct Explanations and Design Solutions
Engage in an Argument from Evidence
Obtain, Evaluate, and Communicate Information

1. How would you describe your ability to effectively implement each of the following
Scientific and Engineering Practices using the following scale?
a. I need more training before I can effectively implement this practice.
b. I am somewhat able to effectively implement this practice, but my ability would be
improved with some additional training.
c. I am able to effectively implement this standard, and I do not need any additional
training.
d. I am able to effectively implement this standard, and I support, mentor, and/or train
others on how to implement it into their own lesson designs.
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Appendix C
VASI Instrument
History of this document
1. Original version published November 5, 2013 in JRST as tea21125-sm-0003SupApp-C.docx.
2. Corrected version (this file) published June 2016

Views about Scientific Inquiry
The following questions are asking for your views related to science and scientific investigations.
There are no right or wrong answers.

Please answer each of the following questions. You can use all the space provided to answer a
question and continue on the back of the pages if necessary.

1. A person interested in birds looked at hundreds of different types of birds who eat different
types of food. He noticed that birds who eat similar types of food, tended to have similar
shaped beaks. For example, birds that eat hard-shelled nuts have short, strong beaks, and
birds that eat insects have long, slim beaks. He wondered if the shape of a bird’s beak was
related to the type of food the bird eats and he began to collect data to answer that question.
He concluded that there is a relationship between beak shape and the type of food birds eat.
a.

Do you consider this person’s investigation to be scientific? Please explain why or why
not.
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b. Do you consider this person's investigation to be an experiment? Please explain why or
why not.

c. Do you think that scientific investigations can follow more than one method?

If no, please explain why there is only one way to conduct a scientific investigation.

If yes, please describe two investigations that follow different methods, and explain how the
methods differ and how they can still be considered scientific.

2. Two students are asked if scientific investigations must always begin with a scientific
question. One of the students says “yes” while the other says “no”. Whom do you agree
with and why?

3.
a. If several scientists ask the same question and follow the same procedures to collect
data, will they necessarily come to the same conclusions? Explain why or why not.
b. If several scientists ask the same question and follow different procedures to collect
data, will they necessarily come to the same conclusions? Explain why or why not.

4. Please explain if “data” and “evidence” are different from one another.

174

5. Two teams of scientists were walking to their lab one day and they saw a car pulled over
with a flat tire. They all wondered, “Are certain brands of tires more likely to get a flat?”
Team A went back to the lab and tested various tires’ performance on one type of road
surface. Team B went back to the lab and tested one tire brand on three types of road
surfaces. Explain why one team’s procedure is better than the other one.

6. The data table below shows the relationship between plant growth in a week and the
number of minutes of light received each day.
Minutes of light each day
0
5
10
15
20
25

Plant growth-height (cm per week)
25
20
15
5
10
0

Given this data, explain which one of the following conclusions you agree with and why.
Please circle one:
a. Plants grow taller with more sunlight.
b. Plants grow taller with less sunlight.
c. The growth of plants is unrelated to sunlight.
Please explain your choice of a, b, or c below:

7. The fossilized bones of a dinosaur have been found by a group of scientists. Two different
arrangements for the skeleton are developed as shown below.
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Figure 1

Figure 2

a. Describe at least two reasons why you think most of the scientists agree that the animal in
figure 1 had the best sorting and positioning of the bones?

b. Thinking about your answer to the question above, what types of information do scientists
use to explain their conclusions?
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Appendix D
Lesson Plan Revision and Commentary (DSU Participants Only)

Plan for the Enactment of the SEPs

Assignment Overview
Students will select a series of lesson (3-4) that are used or could be used to teach a science standard
in their classroom. These lessons will be enhanced to better enact the aligned SEPs. A commentary
will be completed that discussed provides a rationale for the decisions made in the development
of this updated learning segment.

To complete this assignment, you will complete the following:

1. (This step is completed by current classroom teachers) Identify a current series or lessons
(3-4 lessons) that you use in your classroom to teach a standard. Submit as one file your
current lessons in the form of a lesson plan. Refer to the Lesson Plan Template for the
items that should be included in your lesson plan. If you already have a lesson plan in a
different format that is fine, just be sure that the items from the template are present. Along
with your lesson plan submit as one file the supporting teaching materials (teacher notes,
student handouts, etc.) for this series of lessons.

2. For current teachers in the classroom, redesign and enhance the delivery of instruction that
aligns to this standard so that students are actively engaged in the SEPs. Consider how you
might reframe the current activities that you are using or incorporate new activities that
better meet the targeted standard.

For MAT students, with no classroom experience you will begin this assignment at this
step. You will need to develop a series of lessons (3-4 lessons) that targets the instruction
of a specific standard in your discipline and clearly engages the students in the appropriate
SEPs.
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Upload one file that contains a revised or new lesson sequence of 3-4 lessons that contains
the elements from the Lesson Plan Template. In addition, upload as a separate but combine
file containing all supporting teaching materials (teacher notes, student hangouts, etc.) For
each item in the time budget you should include all materials that are needed.

3. Complete a written commentary providing a better understanding of the context, purpose,
and decision-making that occurred for various elements of your learning segment.

Commentary prompts:

General Discussion
1. How does this series of lessons fit into a broader unit?
2. Leading up to this series of lesson, what content knowledge and skills (related to
the SEPs) do the students have?
3. What other information about your student is pertinent to planning your instruction?
(consider personal, cultural, and community aspects).

Discussion Regarding the Original Lesson Plans (completed by Ed.D., Ed.S, M.Ed, and
MAT students with classroom experience)
4. Based on previous experiences, what learning gains did the students make as a
result of these lessons? That is, what did the students master as a result of this
lesson plan sequence that they had not already mastered?
5. What were some of the major difficulties that student encountered with this series
of lessons and how did you address these difficulties?
6. Based on the original lesson plan sequence to what extent did you feel that you
were allowing students to engage the SEPs included in this standard?
7. Describe how you differentiated your instruction during this series of lessons to
meet the needs to students with varying levels of content mastery or skill ability
related to the SEPs.
8. In what ways did this series of lessons engage students in metacognitive strategies?
9. Describe how you monitored students level of mastery towards the content or SEPs
in these lessons and then discuss how you used the results to inform your teaching
practices?
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10. What parts of the targeted standard did you feel that you were the most effective at
achieving and why?
11. What parts of the targeted standard do you feel that you could do a better job at
achieve and why?

Revised lessons

12. Describe the changes that have been made to the instruction of the identified
standard. For each change, support the decisions with a rationale for the change.
Cite any relevant research and theory.
13. Describe the context of this learning segment with regards to the phenomenon being
explored. Discuss how the phenomenon is culturally relevant and why it might
spark curiosity among the students?
14. Explain the learning progression that exists among the new lessons and how they
allow students to understand relationships between scientific concepts, SEPs, and
the phenomenon in the learning segment.
15. Discuss specific tasks that are included in these lessons and how they are designed
to allow the students to engage in the SEPs.
16. Discuss how you will differentiate instruction during these lessons to accommodate
students varying level of content mastery or skill ability related to the SEPs.
17. Discuss ways in which you have incorporated metacognitive strategies into the
revised lesson plans to allow students to become more self-aware of their learning.
18. Describe the ways in which you will monitor students level of mastery towards the
content or SEPs in these lessons and how you will utilize the results to inform your
teaching practices.
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Lesson Plan Template

Lesson Plan TemplateLESSON PLAN CONTEXT
Lesson Plan Name
Grade Level and Class Title
Length of Class Period
LEARNING OBJECTIVES
Learning Objective

Aligned Standard

TIME BUDGET
Time

Instructional Strategies /
Purpose
Learning Tasks
(Why
is
the
teacher
(What are the students doing?
implementing this strategy/task)
What is the teacher doing?)

*Insert more rows as needed
or delete those that you do not
use
MATERIALS
RESOURCES
Reusable

AND
Consumable
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Appendix E
GSE-Science Chemistry Unit Three Standards (Georgia, 2016b)
SC3. Obtain, evaluate, and communicate information about how the Law of Conservation of
Matter is used to determine chemical composition in compounds and chemical reactions
a. Use mathematics and computational thinking to balance chemical equations (i.e., synthesis,
decomposition, single replacement, double replacement, and combustion) and construct an
explanation for the outcome of a simple chemical reaction based on the outermost electron
states of atoms, trends in the periodic table, and knowledge of the patterns of chemical
properties.
b. Plan and carry out an investigation to determine that a new chemical has been formed by
identifying indicators of a chemical reaction (e.g., precipitation formation, gas evolution,
color change, water production, and changes in energy to the system).
c. Use mathematics and computational thinking to apply concepts of the mole and
Avogadro’s number to conceptualize and calculate


Percent composition



Empirical/molecular formulas



Mass, moles, and molecules relationships



Molar volume of gases

d. Use mathematics and computational thinking to identify and solve different types of
reaction stoichiometry problems (i.e., mass to moles, mass to mass, moles to moles, and
percent yield) using signification figures.
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(Clarification statement: For elements c and d emphasis is on the use of mole ratios to
compare quantities of reactions or products and on assessing students’ use of mathematical
thinking and not on memorization and rote application of problem-solving techniques)
e. Plan and carry out an investigation to demonstrate the conceptual principle of limiting
reactants.
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Appendix F
Lesson Plan Reflection (RHS)
1. Lesson Title
2. Lesson Topic
3. Which SEP was used in the lesson?
4. How have you taught the lesson previously?
5. What did you notice about your students during the lesson?
6. How well did the lesson go? Give some details.
7. Would you do the lesson again, and if so, what changes might you make to improve it?
8. Did anything about the lesson surprise you? Give details
9. What do the student work samples show you about the lesson?
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Appendix G
Semi-Structured Interview

Participants were provided with a summary of each SEP prior to the interview.
1. How do you make sense of the SEPs?
2. (DSU) How has the SEPs course helped you make sense of the SEPs? (RHS) How has
your PLC helped you make sense of the SEPs?
3. Have you participated in any other PD that has helped you make sense of the SEPs?
4. How has your PD experiences influenced your lesson planning to include SEPs?
5. What does inquiry mean to you?
6. How do you view the relationship between the SEPs and inquiry in the chemistry class?
7. Which is your go-to practice?
8. Which is the most difficult practice for you to implement?
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Appendix H
Participant Interview Codes and Categories with Examples
Category
Time

Code
Collaboration
time

Example
You need time together to bounce ideas off of each other and
then time together to put your lesson together (Daisy)

Need time

I need more time (Ben)

Observing or Show me
participating
in the activity Doing it

Participating
SEPs PD
Course

I think it is more effective for me to try it and learn from the
students and learn from their mistakes and learn from my
modeling (Ben)

Demos

All the demos that we did were super beneficial

The SEPs
class

The biggest and probably the most beneficial was the class
(Daisy)

In our PLC, this was one of our goals. Which is to actually
try and include SEPs into more lessons (Daisy)
We just figure out how to make it work. We work well
together (Ann)

Content PLCs

The PLC of actually being with Chemistry teachers [helped
me] (Emma)

Look at GSE

You look at the GSE and how they state in all their standards
there is one of those SEPs in them. (Ben)

PD about
Need PD
specific SEPs
ADI Training
and Modeling
Modifying
existing
activity

I think electrochemistry was a harder topic, but using the
models helped me understand the content better (Daisy)

Observe
Students

PLC/
PLC
Colleague
Collaboration
Working
together

Focusing on
GSE

Until somebody actually shows me [the practices]. (Charles)

Some of them definitely need some real application or
professional development to really understand. (Charles)
I want to take …how ADI uses the SEPs, and implement it
for something the kids are interested in. (Ben)

Modifying
I’m able to wrap my head around it because I’m coming at it
what I already from a place of familiarity and…modifying something I’m
do
doing (Frank)
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Appendix I
VASI Scoring Rubric by Question
VASI
Item
1a

Aspect
of
Informed
Inquiry
1
Shows clear understanding
of the importance of
beginning an investigation
with a question.

Mixed

Naïve

Shows a clear
understanding of the
importance of
questions but
mentions the need for
a hypothesis or other
aspects of traditional
scientific method
thinking

Answers the question
with a negative
response indicating
the belief that all
investigations do not
begin with a question

Indicates that the
investigation is an
experiment but
includes aspects of
traditional scientific
method thinking.
Agrees with the student who Agrees with the
says “yes” and shows a
student who says
clear understanding of the
“no” but discusses
importance of beginning an the importance of
investigation with a
questions in scientific
question.
investigations

1b

1 and 2 Shows a clear understanding
of the importance of
questions guiding an
experiment rather than a
prescribed set of steps.

Indicates the
investigation is not an
experiment.

2

1

1c

2

Shows a clear understanding
that multiple paths may be
followed in any
investigation

Agrees with the
student who says
“no” and shows a
lack of understanding
of the need for
questions in an
investigation
The response
indicates an
investigation must
follow a pattern such
as the scientific
method.

5

3

Indicates Team A’s
procedure is best because it
is aligned with the original
question asked

The response
indicates multiple
paths are acceptable,
but the steps of the
scientific method
must be included,
even if out of order

The response
indicates Team B’s
procedure is best.
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VASI
Item
3a

Aspect
of
Inquiry
4

3b

Informed
States that results may
be different due to the
interpretation and
background of the
scientists.

Mixed
The response states
results may be
different for reasons
other than
interpretation and
background of
scientists

Naïve
Indicates that results
will be the same if
procedures and
questions are the
same.

5

The response shows
an understanding that
the procedure
followed and the
design of the research
can influence the
outcome of the results

The response
indicates conclusions
may be different but
does not clearly
explain

The response
indicates that the
results will be the
same due to the
consistent question.

6

6

Indicates plants in the
study grew more with
less light, a
conclusion based on
data presented.

4

7

The response
indicates a difference
between data and
evidence where data
are observations and
evidence is analyzed
data subjected to the
researcher’s bias.

7a and
7b

8

The response
indicates the use of
prior knowledge and
previous research
were used to
determine the most
logical bone
arrangement

The response
indicates that plants
grow taller with more
sunlight or that the
growth is unrelated to
sunlight, both of
which are not
supported by the data
presented.
The response
indicates a difference
exists between data
and evidence but does
not indicate that
evidence is subjected
to researcher
interpretation

The response
indicates data and
evidence are the same.

The response does not
mention the use of
prior knowledge and
previous research

Appendix J
NGSS Matrix (NGSS, 2013)

Appendix K
PLC Meeting Codes
Category
Pacing

Equipment
and
Chemical
Availability

Activity
Options

Code
Order of activities

Example
I think we said Monday and Tuesday we were going to
do just straight practice with them (Frank)

Time for activities

Start with the activity and then move to the problems
(Emma)

Adjusting schedule

I thought I could push it to Monday and Tuesday
because I figured I could do it as … practice. (Frank)

Adjusting Activities

Because of that severe weather drill mine needs a part
two. Then they finish then I have five minutes. (Emma)

Now or Later

That would actually be a fun one to do in May because
of…EOCs (Frank)

School Calendar

Don’t forget at least one of those days is [wasted] in
December. (Frank)

Weekly Calendar

I’m guessing it’s the ABA week. (Emma)

90 minute classes

If we did those two things that would actually probably
[use 90 minutes] (Frank)

Progress Check

I just introduced balancing yesterday, the last 15
minutes of class, we did a little bit of practice (Frank)

Clarifying order

Just to be clear, we’re doing the evidence of reaction
lab probably Wednesday.
Then word equation
balancing on Thursday/Friday. (Frank)

Equipment

Do we have any candles… or do I need to buy them?
(Frank)

Chemical sharing

Is it okay if I borrow some of your chemicals? (Frank)

Cost of materials

I’ve looked at that in places especially if you don’t try
to go for any kind of name brand…it costs $2 (Frank)

Which to choose

There is making slime with the invisible
science…There’s also an old Myth Busters (Frank)
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Category
Modifying
Lessons

Code
Revising before using

Example
Hold off on that one until [it’s revised] (Emma)

Sharing a modification When we get to [types of reactions] I made a
NearPod…I can share it with you (Emma)
Adding a manipulative If we could just do [conversions cards] again (Emma)
Assessment/
Retest

Formative assessment

I like that because it’s the formative. (Frank)

Assessment Grading

I’m still going to give full credit because the set-up is
correct (Frank)

Assessment Design

Since it’s really off of one compound, it wouldn’t be
terribly complicated (discussing a quiz question)
(Frank)

Student test
performance

There were some kids what got 90s and 80s…then
there were some 30s and 40s. (Emma)

Modifying old tests

Already on a test. We can just take that one and
modify it (Frank)

Modifying for ESS
students

I was talking to my co-teacher. I’m probably going to
have to come up with something to help my sixth
period. (Emma)

Test Versions

The only thing I’m probably going to do different is
I’m only going to do test A and B. (Frank)

Remediation for retest

The [remediation] must be complete before I let you
do the test. (Frank)

Format of Retest

Basically, you do those [incorrect] parts, you get them
both right, you get an 80. (Frank)

Test format

Let’s just do it on paper. (Frank)

Category
Student
Progress

Peer
Training

Surveying
Students

Adding
SEPs

Code
Student struggles

Example
They don’t understand it’s the same thing…just
backwards (Emma)

Calculation struggles

I think I’ve got most of them past that, though when
it’s in scientific notation (Frank)

Student Successes

I was actually quite pleased with my kids…they were
remembering the parenthesis (Frank)

Activity success

The first three or four they were really slow at, they
really struggled, but it helped and every kid that was
there that day…did not miss that question on the quiz
(Frank)

BCA training

I actually was going to ask you about [BCA] (Frank)

Technology Training

Can you show me how to do a Google Survey?
(Emma)

Adding Survey

The last day I like to do a survey… “What was your
favorite lab?” (Emma)

Making Survey

I’ll work on a short survey (Emma)

Survey Length

I’ve noticed I get better feedback when it’s shorter
(Emma)

Survey Results

The Mole lab was popular (Frank)

Adding CER

Could we do the old sort of identify the unknown
powder lab and…do it as a CER (Frank)

Looking at Standards

This standard is construct an explanation (Emma)

Adding Plan and
Carry out component

Give them the unknown at the end. They have to plan
an investigation where they have to figure out what
the unknown is (Frank)

